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"Professor  Jones's  volume  is  actually  the  only  work  in  our  language  to 
which  we  can  refer  the  student  as  to  a  storehouse  of  sound  zoological  and 
anatomical  details  systematically  arranged." — Annals  of  Natural  Histon/. 

FRANKLAND'S  LECTURE  NOTES  for  CHEMICAL  STU- 
DENTS. Second  Edition.  Vol.  I.  (Inorganic),  46-.  Yol.  II.  (Or- 
ganic), 5s. 

"These  'Notes'  will,  we  believe,  be  found  very  useful  for  students,  con- 
taining as  they  do  exactly  what  is  wanted,  without  being  overloaded  with 
any  superfluous  matter,  and  what  is  of  no  less  importance  in  a  constantly 
expanding  science  like  chemistry,  bringing  up  the  information  to  the  latest 
date  and  in  accordance  with  the  most  advanced  views  of  English  and  conti- 
nental chemists." — Educational  Times. 

HENFREY'S  ELEMENTARY  COURSE  of  BOTANY:  STRUC- 
TURAL, PHYSIOLOGICAL,  and  SYSTEMATIC.  Edited  by  Max- 
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GUTHRIE'S  ELEMENTS  of  HEAT  and  of  NON-METALLIC 
CHEMISTRY.  7s. 

"  This  little  treatise  is  intended  for  the  use  of  Candidates  for  the  Matricu- 
lation Pass  Examination  of  the  University  of  London." — From  the  Author's 
Preface. 

ELIOT  and  STORER'S  MANUAL  of  INORGANIC  CHEMIS- 
TRY.   10s.  M. 

"  In  preparing  this  manual,  it  has  been  the  authors'  object  to  facilitate  the 
teaching  of  chemistry  by  the  experimental  and  inductive  method.  The  book 
will  enable  the  careful  student  to  acquaint  himself  with  the  main  facts  and 
principles  of  chemistry,  through  the  attentive  use  of  his  own  perceptive 
faculties,  by  a  process  not  unlike  that  by  which  these  facts  and  principles 
were  first  established.  The  authors  believe  that  the  study  of  a  science  of 
observation  ought  to  develop  and  discipline  the  observing  faculties,  and  that 
such  a  study  fails  of  its  true  end  if  it  become  a  mere  exercise  of  the  memory." 
— From  the  Authors'  Preface. 

BABINGTON'S  MANUAL  of  BRITISH  BOTANY.  Seventh 
Edition.   10s.  M. 

"Mr.  Babington's  Manual  is  the  best  guide  to  the  student  of  practical 
Botany  in  this  country," — Annals  of  Natural  History, 
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EALOaY,  and  PHYSICAL  GEOGEAPHY.    Second  Edition.  12s. 
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NORTHOOTE  and  CHURCH'S  MANUAL  of  QUALITATIVE 
CHEMICAL  ANALYSIS.    10s.  ^d. 
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"  Written  in  a  terse  and  intelligible  manner ;  and  the  descriptions  even  of 
complicated  apparatus  and  operations  are  for  the  most  part  remarkably  clear 
and  comprehensible ;  consequently  the  student  will  especially  find  this  hand- 
book an  invaluable  companion." — Philosophical  Magazine. 

CHURCH'S  LABORATORY  GUIDE  for  STUDENTS  of  AGRI- 
CULTUEAL  CHEMISTEY.    Third  Edition.    6s.  U. 
"  This  book  will  be  invaluable  to  agricultural  students,  besides  being  useful 
to  those  requiring  special  information  on  the  subjects  of  which  it  treats." — 
Nature. 

GRIFFITH'S  ELEMENTARY  TEXT-BOOK  of  the  MICRO- 
SCOPE.  7s.  U. 

"A  capital  book,  short,  clear  in  style,  logical  in  arrangement,  and  contain- 
ing SMch  a  course  of  instruction,  both  on  the  nature  of  the  microscope  and 
on  the  method  of  preparing  and  viewing  objects,  and  this  arranged  in  such 
order  that  any  intelligent  student  who  sets  to  work  to  teach  himself,  or  any 
Professor  who  uses  it  as  a  class-book  to  teach  others,  cannot  fail  of  acquiring 
or  imparting  a  good  mass  of  systematized  microscopic  knowledge,  and  of  the 
general  nature  of  the  vegetable  and  animal  kingdoms  as  well." — Medical 
Times. 

ATTFIELD'S    OLIEMISTRY :     GENERAL,    MEDICAL,  and 
PHAEMACEUTICAL ;  including  the  Chemistry  of  the  British  Phar- 
macopoeia.   Sixth  Edition.    Illustrated.  155. 
"  Dr.  Attfield's  work  is  siii  generis,  and  combines  many  properties  in  a 
remarkable  manner.    It  is  a  good  work  for  beginning  the  study  of  theoretical 
chemistry.    It  is  the  same  as  regards  practical  chemistry ;  for,  beginning  with 
the  third  page,  we  encounter  full  instructions  as  to  the  collection  of  gases, 
the  bending  of  glass  tubes,  the  kind  of  heat  to  employ,  and  so  on.    Nor  does 
its  usefulness  stop  here ;  it  is  a  valuable  guide  to  practical  medical  chemistry, 
and  an  admirable  companion  to  the  British  Pharmacopoeia.    It  is  rare  to 
find  so  many  qualities  combined,  and  quite  curious  to  note  how  much  valu- 
able information  finds  a  mutual  interdependence." — Medical  Times  and 
Gazette. 
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But  the  greatest  error  of  all  is,  mistaking  the  ultimate  end  of  knowledge ;  for  some 
men  covet  knowledge  out  of  a  natural  curiosity  and  inquisitive  temper ;  some  to  enter- 
tain the  mind  with  variety  and  delight ;  some  for  ornament  and  reputation ;  some  for 
victory  and  contention ;  many  for  lucre  and  a  livelihood ;  and  but  few  for  employing  the 
Divine  gift  of  reason  to  the  use  and  benefit  of  mankind.  Thus  some  appear  to  seek  in 
knowledge  a  couch  for  a  searching  spirit ;  others,  a  walk  for  a  wandering  mind ;  others, 
a  tower  of  state  ;  others,  a  fort,  or  commanding  ground  ;  and  others,  a  shop  for  profit  or 
sale,  instead  of  a  storehouse  for  the  glory  of  the  Creator  and  the  endowment  of  human 
life."— Lord  Bacon. 


WELLCO  '  ■    ^.riTUTE  / 


Coll.  wf'MOmec 


Call 


No. 


PREFACE. 


The  short  title  on  tlie  back  of  a  book^  and  even  the  words 
on  the  titlepage^  are  generally^  and  even  necessarily^ 
imperfect  descriptions  of  the  contents^  and  hence  not 
unfrequently  induce  at  the  outset  misconceptions  in  the 
minds  of  readers.  The  Author  of  ^  Chemistry^  General^ 
Medical^  and  Pharmaceutical  ^  would  at  once  state^  there- 
fore^ that  his  sole  aim  is  to  teach  the  general  truths  of 
chemistry  to  medical  and  pharmaceutical  pupils.  Only 
in  a  conventional  sense  would  he  speak  of  such  subjects  as 
Medical  and  Pharmaceutical  Chemistry ;  for  the  truths 
of  Chemistry  are  the  same  for  all  students — crystalline 
verities  which  cannot  be  expanded  or  compressed  to  suit 
any  class  of  workers.  The  leading  principles  of  the  science, 
however^  can  as  easily  be  illustrated,  by  or  deduced  from 
those  facts  Y*^hich  have  interest  as  from  those  which  have 
little  or  no  special  interest  to  the  class  addressed ;  and 
such  a  course  is  adopted  in  this  volume. 

This  manual  is  intended^  then,  as  a  systematic  exponent 
of  the  general  truths  of  Chemistry,  but  is  written  solely 
for  the  pupils,  assistants^  and  principals  engaged  in 
medicine  and  pharmacy.  It  will  be  found  equally  useful 
as  a  reading-book  for  gentlemen  having  no  opportunities 
of  attending  lectures  or  performing  experiments^  or^  on 
the  other  hand,  as  a  text-book  for  college  pupils ;  while  its 
comprehensive  Index,  containing  six  thousand  references, 
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will  fit  the  work  for  after-consultation  in  the  course  of 
business  or  professional  practice. 

From  other  chemical  text-books  it  differs  in  three 
particulars  : — first_,  in  the  exclusion  of  matter  relating  to 
compounds  which  at  present  are  only  of  interest  to  the 
scientific  chemist ;  secondly^  in  containing  more  or  less 
of  the  chemistry  of  every  substance  recognized  officially^ 
or  in  general  practice^  as  a  remedial  agent;  thirdly^  in 
the  paragraphs  being  so  cast  that  the  volume  may  be  used 
as  a  guide  in  studying  the  science  experimentally. 

The  order  of  subjects  is  that  which^  in  the  author^s 
opinion^  best  meets  the  requirements  of  medical  and  phar- 
maceutical students  in  Great  Britain,  Ireland,  America, 
and  the  English  Colonies.  Introductory  pages  are  devoted 
to  a  few  leading  properties  of  the  elements.  A  review  of 
the  facts  thus  unfolded  affords  opportunity  for  stating  the 
views  of  philosophers  respecting  the  manner  in  which 
these  elements  influence  each  other  as  components  of 
terrestrial  matter.  The  consideration  in  detail  of  the 
relations  of  the  elementary  and  compound  radicals  follows, 
synthetical  and  analytical  bearings  being  pointed  out,  and 
attention  frequently  directed  to  connecting  or  underlying 
truths  or  general  principles.  The  chemistry  of  substances 
naturally  associated  in  vegetables  and  animals  is  next 
considered.  Practical  toxicology  and  the  chemical  as 
well  as  microscopical  characters  of  morbid  urine,  urinary 
sediments,  and  calculi  are  then  given.  The  concluding 
sections  form  a  laboratory-guide  to  the  chemical  and 
physical  study  of  quantitative  analysis.  In  the  appendix 
is  a  long  table  of  tests  for  impurities  in  medicinal  pre- 
parations— also  a  short  one  of  the  saturating-powers  of 
acids  and  alkalies,  designed  for  use  in  prescribing  and 
dispensing. 
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In  the  course  of  the  treatment  outlined  in  tlie  preceding 
paragraph^  it  will  be  observed  that  the  whole  of  the  elements 
are  first  noticed  very  shortly to  give  the  pupil  a  general 
view  of  his  course  of  study^  afterwards  at  length  and  tho- 
roughly j  that  the  chemistry  of  the  common  metallic 
radicals  precedes  that  of  the  rarer^  and  that  the  sections 
on  the  acidulous  radicals  are  similarly  divided ;  while  the 
basylous  radicals  are  arranged  according  to  analytical 
relations^  the  common  acidulous  according  to  exchangeable 
value  or  quantivalence^  and  the  rarer  acidulous  radicals 
alphabetically.    By  this  plan  the  more  important  facts  and 
principles  are  repeatedly  brought  under  consideration^  the 
points  of  view^  however^  differing  according  as  interest  is 
concentrated  on  physical^  synthetical^  analytical,  or  quan- 
titative properties.      This  arrangement  of  matter  was 
adopted^  also^  partly  from  the  belief  that  the  separate  and 
general  truths  of  chemistry  never  enter  the  mind  in  the 
order  of  any  scientific  classification  at  present  possible. 
In  the  current  state  of  chemical  knowledge^  consistency  in 
the  methodical  arrangement  even  of  elements  can  only  be 
carried  out  in  one  direction^  and  is  necessarily  accompa- 
nied by  inconsistencies  in  other  directions — a  result  most 
perplexing  to  learners^  and  hence  totally  subversive  of  the 
.  chief  advantage  of  classification.     For  this  reason  the 
writer  has  preferred  to  lead  up  to^  rather  than  follow  sci- 
entific classification — has  allowed  analogies  and  affinities 
to  suggest^  rather  than  be  suggested  by^  classification. 
Among  the  acidulous  radicals^  especially^  any  known  sys- 
tem of  classification  would  have  given  undue  prominence 
to  one  set  of  relations_,  and  undeserved  obscurity  to  others. 
Then^  by  separating  more  important  from  less  important 
matter^  instruction  is  adapted  to  the  wants  of  gentlemen 
whose  opportunities  of  studying  chemistry  vary  greatly^ 


PREFACE. 


and  are  unavoidably  insufficient  to  enable  tliem  to  gain  a 
thorougb  knowledge  of  the  science.  One  great  advantage 
of  the  mode  of  treatment  is  that  difficulties  of  nomen- 
clature^ notation^  cbemical  constitution^  and  even  those 
arising  from  conventionality  of  language^  are  explained  as 
they  arise^  instead  of  being  massed  under  the  head  of 

Introductory  Chapters/^  Preliminary  Considerations/^ 
or  General  Remarks_,^^  which  are  not  unfrequently  too 
difficult  to  be  understood  by  a  beginner^  too  voluminous  to 
be  remembered  except  by  the  aid  of  subsequent  lessons^  and 
are  consequently  the  cause  of  much  trouble  and  confusion. 
This  plan  has  also  admitted  of  greater  prominence  being 
given  to  ^^The  General  Principles  of  Chemical  Philosophy/^ 
the  only  section  to  which  the  student  is  asked  frequently  to 
return  until  he  finds  himself  naturally  employing  those 
principles  in  the  interpretation  of  the  phenomena  obtained 
by  experiment.  An  elementary  knowledge  of  the  subjects 
of  Gravitation^  Heat^  Light^  Sounds  Electricity^  and  Mag- 
netism cannot  be  too  strongly  recommended  to  the  student 
of  Chemistry.  The  first  portion  of  this  Manual  would  have 
been  devoted  to  an  exposition  of  these  branches  of  Physics^ 
so  far  as  they  bear  on  Chemistry^  did  not  the  many  special 
books  on  Physics  render  such  a  course  unnecessary.  Che- 
mical analysis  frequently  involving  determinations  of  tem- 
perature^ specific  gravity^  and  atmospheric  pressure^  a  few 
paragraphs  on  these  subjects  are  made  introductory  to  the 
sections  on  quantitative  operations. 

Daiton^s  hypothesis  of  the  atomic  condition  of  all  matter 
is  adopted  in  this  book,  the  author  believing  that^  in  the 
present  state  of  knowledge  and  education^  philosophic 
conceptions  regarding  chemistry  can  only  be  taught  to 
medical^  pharmaceutical^  and  the  great  majority  of  general 
students  in  some  such  objective  manner. 
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The  cliemical  notation  of  tlie  work  is  in  accordance  with 
modern  theories.  Equations  illustrative  of  pharmacopceial 
processes  have  a  name  attached  to  each  formula. 

Chemical  nomenclature  hasbeen  modernized  to  the  extent 
of  defining  the  alkali-metal  salts  and  the  earthy  compounds 
as  those  of  potassium^  sodium^  ammonium^  barium^  calcium^ 
magnesium^  and  aluminium^  instead  of  potash^  soda^  am- 
monia^ baryta^  lime^  magnesia^  and  alumina.  The  author 
confidently  believes  that  this  change^  founded  on  views  now 
adopted  by  all  prominent  writers  on  chemistry^  will  be 
accepted  and  become  popular  in  medicine  and  pharmacy ; 
it  is  a  step  in  the  direction  of  simplicity  and  consistency_, 
and  involves  far  less  hypothesis  than  is  contained  in  the 
old  system.  The  name  nitrate  of  potash^  for  example^  was 
based  on  the  pure  assumption  that  nitre  contained  oxide 
of  potassium  or  potash  and  nitric  anhydride,  then  errone- 
ously termed  nitric  acid.  By  the  modern  name  nitrate 
of  potassium^  all  that  is  intended  to  be  conveyed  is  that 
nitre  contains  the  element  common  to  all  potassium  com- 
pounds^ and  the  group  of  elements  common  to  all  nitrates. 
Under  the  old  method^  students  always  experienced  diffi- 
culty in  distinguishing  salts  of  the  metal  from  salts  of  its 
oxide — salts  of  potassium^  for  instance^  from  salts  of  potash; 
under  the  new  view  no  such  difficulty  arises.  Names  such  as 
potassium  nitrate  or  potassic  nitrate  are  also  consistent  with 
modern  views^  but  for  general  adoption  are  too  unlike  the 
original.  The  contractions  in  Latin  for  names  like  ^^nitrate 
of  potassium  are  identical  with  the  contractions  for  names 
resembling  nitrate  of  potash/^  an  accidental  circumstance 
that  will  much  facilitate  the  general  introduction  of  the 
former  names  among  medical  practitioners  and  pharmacists^ 
and  a  practical  advantage  that  must  determine  the  choice 
over  the  other  chemically  equivalent  names  just  mentioned. 
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The  author  ventures  to  express  some  gratification  tliat  his 
use  and  advocacy  of  this  system  since  the  first  edition  of 
this  Manual  was  published  in  1867  has  resulted  in  its 
adoption^  in  1873^  in  the  ^  Pharmacopoeia  of  the  United 
States/  and  in  the  recommendation,  from  all  medical^ 
chemical,  and  pharmaceutical  authorities  in  Great  Britain, 
of  its  adoption  in  the  next  ^  British  Pharmacopoeia/  Phar- 
macy in  these  two  countries  will  thus  sooner  or  later,  in 
the  important  matter  of  chemical  nomenclature,  be  in 
accord  with  the  current  state  of  chemical  science. 

The  Metric  System  of  Weights  and  Measures  (that 
which,  doubtless,  is  destined  to  supersede  all  others)  is 
alone  used  in  the  sections  on  Quantitative  Analysis.  In 
other  parts  of  the  Manual  avoirdupois  weights  and  imperial 
measures  are  employed. 

It  is  hoped  that  the  numerous  etymological  references 
scattered  throughout  the  following  pages  will  be  found 
useful.  Words  in  Greek  have  been  rendered  in  English 
characters,  letter  for  letter.  The  word  official  is  used 
throughout  for  things  recognized  officially  by  the  compilers 
of  Pharmacopoeias  ;  officinal  in  its  original  application 
to  the  officina  or  shop. 

Students  are  strongly  recommended  to  test  their  pro- 
gress by  frequent  examination.  To  this  end  appropriate 
questions  are  appended  to  each  subject. 

The  Author^s  ideal  of  a  Manual  of  Chemistry  for  medi- 
cal and  pharmaceutical  students  is  one  in  which  the 
chemistry  of  every  substance  having  interest  for  the  fol- 
lowers of  medicine  and  pharmacy  is  noticed  at  more  or 
less  length  in  proportion  to  its  importance,  and  at  least  its 
position  in  relation  to  the  leading  principles  of  chemistry 
set  fortli  with  all  attainable  exactness.  The  extent  to 
which  he  has  realized  this  ideal  he  leaves  to  others  to  de- 
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cide.  Sucli  a  work  will  doubtless  in  certain  parts  partake 
of  the  character  of  a  dictionary ;  but  this  is  by  no  means 
a  faulty  especially  if  a  good  index  be  appended  ;  for  the 
points  of  contact  between  pure  and  applied  chemistry  are 
thus  multiplied;,  and  abundant  outlets  supplied^  by  which 
a  lover  of  the  science  may  pass  into  other  chemical 
domains  by  aid  of  other  guides^  or  even  into  the  regions 
of  original  research.  Among  the  rarer  alkaloids^  bitter 
bodies^  glucosides^  salts  of  organic  radicals^  solid  fats^  fixed 
oils^  volatile  oils^  resins^  oleo-resins^  gum-resins^  balsams^ 
and  colouring-matters  mentioned  in  this  volume  will  be 
found  many  such  points  whence  the  ardent  student  may 
start  for  the  well-known,  the  obscure^  or  the  untrodden 
paths  of  scientific  chemistry. 


Within  eight  years  a  demand  has  arisen  for  six  editions 
of  this  Manual.  The  First ^  in  1867^  was  intended  as  a 
handbook  of  practical  chemistry  only ;  but  the  notes  and 
remarks  made  respecting  most  of  the  experiments  were 
found  to  be  so  useful  by  students  that  this  portion  of  the 
volume  was  in  the  Second  Edition  (1869)  sufficiently  ex- 
tended to  render  the  book  more  fairly  complete  in  itself.  In 
response  to  a  call  from  professional  friends  in  the  United 
States  in  1870^  the  work  was  revised  by  the  Author  for 
the  followers  of  medicine  and  pharmacy  in  America^  the 
chemistry  of  the  Preparations  and  Materia  Medica  of  the 
United  States  Pharmacopoeia  being  introduced^  and  such 
other  adaptations  included  as  to  form  a  Third  Edition.  A 
Fourth  was  presented  to  English  workers  in  1872_,  and^ 
founded  on  the  fourth,  a  Fifth  Edition  for  American 
students  in  1873. 
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PREFACE. 


The  present^  Sixth,  edition  contains  such  alterations 
and  additions  as  seemed  necessary  for  the  demonstration 
of  the  latest  developments  of  chemical  principles  and  the 
latest  applications  of  chemistry  to  Pharmacy. 

As  the  book  has  always  included  the  chemistry  of  all 
articles  officially  recognized  in  the  British  Pharmacopoeia, 
it  has  necessarily  included  nearly  all  the  chemistry  of  the 
Pharmacopoeia  of  India :  this  sixth  edition,  however,  will 
be  found  to  contain  some  notice  of  each  of  forty  substances 
which  are  official  in  the  Indian,  but  not  in  the  British 
Pharmacopoeia.  In  short,  the  work  now  includes  the 
whole  of  the  chemistry  both  of  the  British  Pharmacopoeia 
and  of  the  Pharmacopoeia  of  India. 

For  the  first  time,  engravings  of  most  of  the  important 
pieces  of  apparatus  employed  in  studying  chemistry  ex- 
perimentally have  been  inserted.  The  sixty  or  seventy 
blocks  were  cut  by  G.  Pearson,  Esq. ;  the  twenty  litho- 
graphs are  by  TufFen  West,  Esq. 

I  am  indebted  to  my  assistants,  Mr.  R.  H.  Davies,  E.C.S., 
and  Mr.  Sydney  Plowman,  for  much  valuable  help  in  pre- 
paring the  edition  for  the  press. 


17  Bloomsbtjet  Squaee,  London, 
October  Istj  1875. 
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It  is  unnecessary  to  advise  you  to  avoid  studying  merely  by  way 
of  preparation  for  examination."  You  will  not  so  mistake 
the  means  for  the  end.  You  are  studying  to  fit  yourself  for 
your  position  in  the  world.  Work  diligently,  study  thought- 
fully and  deliberately,  above  all  be  thorough;  otherwise  your 
knowledge  will  be  transient,  and  will  be  unaccompanied  by  that 
enlightenment  of  the  understanding,  that  mental  training,  mental 
discipline,  and  general  elevation  of  the  intellect  which  consti- 
tute, in  a  word,  education.  When  you  are  thus  educated,  you 
will  with  ease  and  pleasure  pass  any  examination  in  the  know- 
ledge you  have  thus  acquired. 

All  authorities  on  education,  whether  statesmen,  teachers,  or 
examiners,  regard  "  Examination,"  even  by  the  most  highly 
skilled  "  Board,"  with  ample  time  at  its  disposal  and  a  wide 
area  from  which  to  select  questions,  as  but  a  partial  test  of 
knowledge,  and  an  extremely  imperfect  test  of  education.  It 
is  the  best,  however,  that  has  been  devised,  and  is  especially 
useful  when,  following  instead  of  leading  education,  it  is 
restricted  to  the  subjects  of  a  well-defined,  earnestly  followed, 
compulsory  curriculum  of  study. 

Students  !  as  men  of  honour,  take  care  that  any  inefficiencies 
inseparable  from  "  examination "  are  abundantly  compensated 
by  the  extent  and  precision  of  your  knowledge,  and  by  the 
soundness  and  thoroughness  of  your  whole  education. 


APPARATUS. 
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APPARATUS  FOR  EXPERIMENTS  IN  ANALYSIS. 

List  of  Apparatus  suitable  for  the  three  niontlis'  course  of  practical 
chemistry  in  the  summer  session  of  medical  schools^  or  for  any  similar 
series  of  lessons — including  the  preparation  of  elementary  gases,  ana- 
lytical reactions  of  common  metals  and  acidulous  radicals,  analysis  of 
single  salts,  chemical  toxicology,  and  the  examination  of  urine,  urinary 
sediments,  and  calculi : — 


One  dozen  test-tubes. 
Test-tube  stand. 
Test-tube  cleaning-brush. 
A  few  pieces  of  glass  tubing,  8  to 

16  in.  long,  with  a  few  inches 

of  india-rubber  tubing  to  fit. 
Small  flask. 
Two  small  beakers. 
Two  small  funnels. 
Two  watch-glasses. 
Two  or  three  glass  rods. 
Wash-bottle. 
Smal  Ipestle  and  mortar. 
A  2-pint  earthenware  basin. 

( This  set  J  packed  in  a  deal  box,  can  he  obtained  of  any  cliemicaJ^appa- 
ratus  maker  for  12s.  Qd.  to  16s.) 


A  2-inch  and  a  3-inch  evap.  basin. 
Two  porcelain  crucibles. 
Blowpipe. 
Crucible  tongs. 
Hound  file. 
Triangular  file. 
Small  retort-stand. 
Sand-tray. 
Wire  triangles. 
Platinum  wire  and  foil. 
Test-papers. 
Filter-paper. 
Towel. 

Two  dozen  corks. 


APPARATUS  FOR  EXPERIMENTS  IN  SYNTHESIS  AND  ANALYSIS. 

A  larger  set,  suitable  for  the  performance  of  most  of  the  synthetical 
as  well  as  analytical  experiments  described  in  this  manual : — 


A  set  of  evaporating-basins,  of  the 
following  sizes : — 

One  8J-inch.       One  4-inch. 

One  7J-inch.       Two  3-inch. 

One  6|-inch. 
One  retort-stand  and  three  rings. 
Two  test-glasses. 
One  half-pint  flask. 
One  half-quire  filter-paper. 
Two  porcelain  crucibles. 
One  measure-glass,  5  oz. 
Blowpipe,  8-inch,  Black's. 
Two  glass  funnels. 
One  doz.test-tubesfGerman  glass). 
One  test-tube  brush. 


One  pair  of  8-inch  brass  crucible- 


Two  soup-plates. 

One  flat-plate. 

Two  spatula  knives. 

One  pair  of  scissors. 

One  round  file. 

One  triangular  file. 

One  half-pound  glass  rod. 

One  half-pound  glass-tubing. 

One  foot  small  india-rubber  tubing. 

Three  dozen  corks  of  various  sizes. 

Platinum  wire  and  foil. 

Test-papers. 

A  nest  of  three  beakers. 


{This  set,  packed  in  a  case,  can  be  obtained  of  any  chemical-apparatus 
maker  for  25s.  to  30s.) 

A  sponge,  towels,  and  note-book  may  be  included. 
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APPARATUS  AND  REAGENTS. 


FURNITUBE  OF  A  LABORATORY. 

The  following  apparatus  should  be  ready  to  the  hand  of  students 
following  an  extended  course  of  practical  chemistry,  in  a  room  se 
apart  for  the  purpose  : — 


A  bench  or  table  and  stool. 
Water-supply  and  waste-pipe. 
A  cupboard  attached  to  a  chimney 

with  an  outward  draught. 
A  furnace  fed  with  coke  tongs^ 

hot-plate  or  sand-bath^  etc. 
A  waste-box. 

Shelves  for  chemicals  and  other 
materials  in  jars  or  bottles. 

Gas-supply  and  lamp  with  flexible 
tube  (or  a  spirit-lamp  and  spirit) . 


Test-tube  rack^  two  dozen  holes. 

Iron  stand  or  cylinder  for  sup- 
porting large  dishes. 

Iron  adaptors  for  fitting  dishes  to 
cylinder. 

Pestle  and  mortar,  5  or  6  inches. 

One  6-inch  funnel. 

Brown  pan,  1  or  2-gallon. 

White  jug,  1 -gallon. 

Water-bottle,  quart. 

Twenty-eight  test-bottles,  6  oz. 


Other  articles,  such  as  flasks,  retorts,  receivers,  condensers,  large 
evaporating- dishes,  may  be  obtained  as  wanted.  In  Quantitative 
Analysis  the  apparatus  described  in  the  sections  on  that  subject  will  be 
required. 


REAGENTS. 


Certain  chemicals  are  used  so  frequently  in  analytical  processes  that 
it  is  desirable  to  have  small  quantities  placed  in  bottles  in  front  of  the 
operator.  As  these  reagents  or  ^'  tests  "  are  generally  employed  in  a 
state  of  solution,  nearly  all  the  solid  salts  may  at  once  be  dissolved  (in 
distilled  water).  The  bottles  employed  should  be  well  stoppered,  and 
cf  5  or  6  ounces  capacity.  German-glass  bottles  of  this  size  may  be 
had  for  about  four  shillings  per  dozen.  The  bottles  should  not  be 
more  than  about  three-quarters  full ;  single  drops,  if  required,  can 
then  be  poured  out  with  ease  and  precision.  The  following  list  of  test 
solutions  is  recommended  ;  directions  for  methods  of  prepa.ring  those 
not  readily  purchasable  will  be  found  by  referring  to  the  Index  : — 


Sulphuric  Acid,  strong. 
Nitric  Acid,  strong. 
Hydrochloric  Acid,  strong. 
Acetic  Acid,  strong. 


Sol.  of  Potash,  5  per  cent,  or  B.  P. 

„     Soda,  5  to  15  per  cent. 

„  Ammon.  10  per  center  B.P, 
Lime  Water,  saturated. 


The  next  nine  may  contain  about  10  per  cent,  of  solid  salt  :- 


Carbonate  of  Ammonium,  with  a 
little  solution  of  Ammonia 
added. 

Chloride  of  Ammonium. 

Phosphate  or  Arseniate  of  Am- 
monium. 


Sulphydrate  of  Ammonium. 
Chloride  of  Barium. 
Chloride  of  Calcium. 
Phosphate  of  Sodium. 
Neutral  Chromate. 
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The  succeeding  seven  may  liave 

Ferrocyanide  of  Potassium. 
Ferridcyanide  of  Potassium. 
Iodide  of  Potassium. 
Oxalate  of  Ammonium. 


a  strength  of  about  5  per  cent,  j — 

Percbloride  of  Iron. 
Nitrate  of  Silver. 
Perchloride  of  Platinum. 


LISTS  OF  CHEMICALS. 

List  of  chemicals  necessary  for  the  practical  study  of  the  non- 
metallic  elements  mentioned  on  pp.  1  to  22.  The  quantities  are  suffi- 
cient for  several  experiments. 

Chlorate  of  Potassium  ....  1  oz.  i  Phosphorus    j  oz. 

Black  Oxide  of  Manganese.  1  oz.     Hydrochloric  Acid    1  oz. 

Zinc                                   1  oz.     Sulphur   J  oz. 

Oil  of  Vitriol                      2  oz.  |  lodme   J  oz. 


List  of  chemicals  necessary  for  the  analyiical  study  of  the  metallic 
and  acidulous  radicals  (pages  74  to  423).  The  quantities  will  depend 
on  the  frequency  with  which  experiments  are  repeated  or  analysis  per- 
formed j  those  mentioned  are  sufficient  for  one  or  two  students.  The 
articles  are  given  in  the  order  in  which  they  will  be  required.  The 
eight  substances  mentioned  in  the  above  list  are  included. 


The  set  of  test  solutions  de- 
scribed on  the  previous 
page. 

Carbonate  of  Potassium  .  .  1  oz. 

Tartaric  Acid   1  oz. 

Litmus    J  oz. 

Sulphate  of  Magnesium  .  .  1  oz. 

Sulphate  of  Zinc    1  oz. 

Alum   1  oz. 

Sulphide  of  Iron    1  lb. 

Oak-galls   .   1  oz. 

Sulphocyanate  of  Potassium  \  oz. 

White  Arsenic   i  oz. 

Zinc   ilb. 

Charcoal   ^  lb. 

Sulphate  of  Iron    1  oz. 

Copper  Foil    1  oz. 

Sulphate  of  Copper   1  oz. 

Tartar  Emetic    ^  oz. 

Mercury   loz. 

Corrosive  Sublimate   ^  oz. 


Calomel   ^oz. 


Tin  

Bicarbonate  of  Potassium .  . 


1  oz. 
1  oz. 


Acetate  of  Lead   loz. 

Cyanide  of  Potassium  ....  j  oz. 
Hyposulphite  of  Sodium  .  .  1  oz. 

A  Lithium  salt   10  grs. 

Nitrate  of  Strontium  ....  J  oz. 
Black  Oxide  of  MaEganese.  \  lb. 
Chloride  of  Manganese.  ...  |  oz. 

Chloride  of  Cobalt   50  grs. 

Nitrate  of  Nickel   J  oz. 

Chloride  of  Chromium ....  J  oz. 

Gold  leaves  2  or  3 

Chloride  of  Cadmium  ....  J  oz. 

Nitrate  of  Bismuth   i  oz. 

Bromide  of  Potassium  ....  J  oz. 

Starch  ,   1  oz. 

Nitrate  of  Potassium   1  oz. 

Copper  borings  or  turnings.  1  oz. 
Indigo   ^  oz. 
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Chlorate  of  Potassium  ....  1  oz. 

Iodine   i  oz. 

Spirit  of  Wine    1  oz. 

Sulphur   1  oz. 

Acid  Oxalate  of  Potassium.  1  oz. 

Citric  Acid   1  oz. 

Phosphorus    1  oz. 


Borax   1  oz. 

Turmeric    1  oz. 

Benzoic  Acid   50  grs. 

Fluor  Spar   loz. 

Tannic  Acid    50  grs. 

Gallic  Acid   50  grs. 

Pyrogallic  Acid   50  grs. 


The  quantities  of  materials  required  for  the  study  of  chemistry  syn- 
thetically will  necessarily  vary  with  the  desires  and  tastes  of  the 
operator^  or  according  to  the  nuinher  and  requirements  of  students 
working  together. 
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CHEMISTRY: 

GENERAL,  MEDICAL,  AND  PHARMACEUTICAL. 


INTRODUCTION*. 

The  infinite  variety  of  solid,  liquid,  and  gaseous  substances  of 
which  our  earth  and  atmosphere  are  composed  may  be  resolved, 
with  more  or  less  difficulty,  into  distinct  forms  of  matter  appro- 
priately termed  Elements,  for  by  no  known  means  can  they  be 
further  decomposed.  Sixty-three  Elements  have  been  proved 
to  exist.  A  few  (such  as  gold)  occur  naturally  in  the  uncom- 
bined  state ;  but  the  greater  number  are  combined  in  so  subtle 
a  manner  as  to  conceal  them  from  ordinary  methods  of  obser- 
vation. Thus  none  of  the  common  properties  of  water  indicate 
that  it  is  composed  of  two  elements,  both  gases,  but  differing 
much  from  each  other :  nor  can  the  senses  of  sight,  touch,  and 
taste,  or  other  common  means  of  examination,  detect  in  their 
concealment  the  three  elements  of  which  sugar  is  composed. 
The  art  by  which  these  and  all  other  compound  substances  are 
resolved  into  their  elements  is  termed  Chemistry,  a  name  derived 

*  After  reading  the  first  three  pages,  the  student  may  commence  practical 
work  by  preparing  oxygen. 
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possibly  from  the  Arabic  word  Jcamai,  to  conceal*.  The  art  of 
chemistry  also  includes  the  construction  of  compounds  from 
elements,  and  the  conversion  of  substances  of  one  character  into 
those  of  another.  The  general  principles  or  leading  truths 
relating  to  the  elements,  to  the  manner  in  which  they  severally 
combine,  and  to  the  properties  of  the  compound  substances  formed 
by  their  union,  constitute  the  science  of  chemistry  f. 

From  these  few  words  concerning  the  nature  of  the  art  and 
science  of  chemistry,  it  will  be  seen  that  in  most  of  the  occu- 
pations that  engage  the  attention  of  man  chemistry  plays  an 
important  part — in  few  more  so  than  in  the  practice  of  Thera- 
peutics J  and  of  Pharmacy  §. 

^  The  idea  that  common  metals  contained  valuable  metals  concealed 
within  them  was  the  one  seed  from  which  mainly  sprung  chemical  know- 
ledge. The  men  who  endeavoured  to  find  the  secret  of  such  concealment 
were  appropriately  termed  alchemists,  and  their  efforts  spoken  of  as  alchemy 
(al  Mmia,  from  kamai,  to  conceal).  Their"*  persistent  labours,  generation 
after  generation,  were  unsuccessful  so  far  as  the  transmutation  of  baser 
metals  into  gold  was  concerned,  yet  were  invaluable  to  posterity ;  for  new 
substances  were  discovered  and  truths  of  nature  unveiled :  from  these  dis- 
coveries multiplication  of  discoveries  resulted,  and  thus  grew  the  still-growing 
branch  of  knowledge  called  Chemistry. 

t  Persons  who  practise  the  art  and  science  of  Chemistry  are  known  as 
Chemists.  Conventionally  the  latter  name  includes  those  who  simply  deal 
in  chemicals ;  hence  have  arisen  such  distinguishing  appellations  as  Ana- 
lytical, Pharmaceutical,  and  Manufacturing  Chemists.  The  compounder  of 
medicine  is  a  chemist  because  he  is  constantly  engaged  in  operations  with 
chemical  substances,  and  because  he  possesses  chemical  knowledge  concerning 
those  substances.  If  he  keeps  an  open  shop,  he  is  in  Great  Britain  known  as 
a  Chemist  and  Druggist,  his  higher  title  being  Pharmaceutical  Chemist ; 
these  respective  designations  he  legally  assumes  on  passing  the  Minor  and 
Major  Examinations  conducted  by  the  Pharmaceutical  Society  of  Great 
Britain,  in  accordance  with  the  provisions  of  the  Pharmacy  Acts  of  1852 
and  1868. 

\  Therapeutics  {BepaTrevTiKos,  therapeutikos,  from  Qepairevfj),  therapeuo, 
to  nurse,  serve  or  cure)  is  that  branch  of  medicine  which  treats  of  the  appli- 
cation of  remedies  for  diseases  :  it  includes  dietetics.  The  therapeutist  also 
takes  cognizance  of  hygiene — that  department  of  medicine  which  respects 
the  preservation  of  health. 

§  Pharmacy  (from  (pdpfxaKov,  pharmakon,  a  drug)  is  the  generic  name  for 
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Air,  water,  food,  drugs,  and  chemicals,  in  short,  all  material 
substances  are  composed,  as  stated,  of  Elements.  An  intimate 
knowledge  of  the  properties  of  the  more  important  Elements,  and 
of  the  various  substances  they  form  by  combining  with  each 
other,  a  knowledge  of  the  power  or  force  (the  chemical  force  or 
chemical  affinity)  by  which  the  elements  contained  in  the  com- 
pounds are  held  together,  and  an  application  of  such  knowledge 
to  Pharmacy  and  Medicine,  must  be  the  objects  sought  to  be 
attained  by  the  learner  for  whom  this  book  has  been  especially 
written. 


The  Elements. — Of  the  sixty-three  known  elements  thirty-nine 
are  of  medical  or  pharmaceutical  interest ;  of  these,  about  two 
thirds  are  metals,  and  one  third  non-metals :  the  remainder  are 
so  seldom  met  with  in  nature  as  to  have  received  no  practical 
application  either  in  medicine,  art,  or  manufacture.  Before 
intimately  studying  the  elements,  it  is  desirable  to  acquire  some 
general  notions  concerning  them :  such  a  procedure  will  also 
serve  to  introduce  the  practical  student  to  his  apparatus,  and 
make  him  better  acquainted  with  the  various  methods  of  mani- 
pulation *. 

the  operations  of  preparing  or  compounding  medicines,  whether  performed 
by  the  Medical  Practitioner  or  by  the  Chemist  and  Druggist.  It  is  also 
sometimes  appHed,  like  the  corresponding  term  Surgery,  to  the  apartment  in 
which  the  operations  are  conducted. 

*  This  allusion  to  apparatus  need  not  discourage  the  youngest  pupil. 
With  the  aid  of  a  few  phials,  wine-glasses,  or  other  similar  vessels  always  at 
hand,  he  may,  by  studying  the  following  pages,  learn  the  chemical  reactions 
which  are  constantly  occurring  in  the  course  of  making  up  medicine,  under- 
stand the  processes  by  which  medicinal  preparations  are  manufactured,  and 
detect  adulterations  impurities,  or  faults  of  manufacture.  Among  the  sub- 
stances used  in  medicine  will  be  found  nearly  all  the  chemicals  required. 
If,  in  addition,  a  dozen  test-tubes  and  a  few  feet  of  glass  tubing  be  procured, 
many  of  the  experiments  described  may  be  performed.  For  full  lists  of 
apparatus  see  the  Introductory  pages, 
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Metallic  Eleynents. — "With  regard  to  the  metallic  elements,  it 
may  safely  be  assumed  that  the  reader  has  sufficient  knowledge 
for  present  purposes ;  but  little,  therefore,  need  now  be  said  re- 
specting them.  He  has  an  idea  of  the  appearance,  relative  weight, 
hardness,  etc.  of  such  metals  as  gold,  silver,  copper,  lead,  tin, 
zinc,  and  iron.  If  he  has  not  a  similar  knowledge  of  mercury, 
antimony,  arsenicum,  platinum,  nickel,  aluminium,  magnesium, 
potassium,  and  sodium,  he  should  embrace  the  earliest  opportunity 
of  seeing  and  handling  specimens  of  each  of  these  metals. 

JS^on- Metallic  Elements*.-— With  regard  to  the  non-metallic 
elements,  it  is  here  supposed  that  the  student  has  no  general 
knowledge.  He  should  commence  his  studies  therefore  by  a 
series  of  operations  as  follows,  on  eight  out  of  their  number. 

OXYGEN. 

Preparation, — As  oxygen  is  the  most  abundant  element  in 
nature,  forming,  though  in  a  combined  state,  about  one  half  of 
the  whole  weight  of  our  globe,  it  mxay  safely  be  assumed  that 
this  element  can  readily  be  obtained  in  the  free  condition  in  a 
state  of  purity.  In  fact,  the  air  itself  contains  about  one  fifth  of 
its  bulk  of  oxygen,  though  from  the  air  it  cannot  be  separated  suffi- 
ciently easily  and  readily  for  experimental  purposes.  It  is 
preferable  to  apply  heat — that  force  which  will  often  be  noticed 
as  antagonistic,  so  to  speak,  to  chemical  union ;  heat  generally 
separating  particles  of  matter  further  from  each  other,  while 
chemical  attraction  tends  to  bind  them  closer  together — it  is 
better  to  heat  certain  compounds  containing  oxygen ;  the  latter 
is  then  evolved  in  its  normal,  natural  condition  of  gas.  Several 
substances,  when  heated,  yield  oxygen  ;  but,  for  convenience  and 
economy,  the  crystalline  body  known  as  chlorate  of  potassium  is 
best  fitted  for  the  experiment.  The  size  and  form  of  the  vessel 
in  which  to  heat  it  will  mainly  depend  on  the  quantity  required  ; 
but  for  the  purposes  of  the  student  the  best  is  a  test-tube,  an 
instrument  in  constant  requisition  in  studying  practical  chemistry. 
It  is  simply  a  thin  tube  of  glass,  a  few  inches  in  length,  and 

*  These  bodies  are  sometimes  termed  metalloids  (from  fxeraWov,  metallon^ 
a  metal,  and  el^os,  eidos,  hkeness) ;  but  the  name  is  not  appropriate,  for  the 
non-metaUic  elements  have  no  likeness  to  metals. 
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half  or  three  quarters  of  an  inch  in  diameter,  closed  by  fusion 
at  one  end.  It  is  made  of  thin  glass,  in  order  that  it  may  be 
rapidly  heated  or  cooled  without  risk  of  fracture.    (See  figs.  3  &  4.  ) 

Outline  of  the  Process, — Heat  chlorate  of  potassium  (say,  as 
much  as  will  lie  on  a  shilling)  in  a  test-tube,  by  means  of  a 
spirit-  or  gas-flame ;  gaseous  oxygen  is  quickly  evolved.  Before 
applying  heat,  however,  provision  should  be  made  for  collecting 
the  gas. 

Collection  of  Gases  (see  fig.  3). — Procure  a  piece  of  glass 
tubing  about  the  thickness  of  a  quill  pen,  and  a  foot  or  eighteen 
inches  long,  and  fit  it  accurately  to  the  test-tube  by  means  of  a 
cork.  (Longer  tubes  may  be  neatly  cut  to  any  size  by  smartly 
drawing  the  edge  of  a  triangular  file  across  the  glass  at  the  re- 
quired point,  then  clasping  the  tube,  the  scratch  being  between 
the  hands,  and  pulling  the  portions  asunder,  force  being  exerted 
in  a  sliglitly  curved  direction  so  as  to  open  out  the  crack  which 
the  file  has  commenced.)  The  tube  is  fixed  in  the  cork  through  a 
round  hole  made  by  the  aid  of  a  red-hot  wire,  or,  better,  by  a  rat- 
tail  file,  or,  best  of  all,  by  one  of  a  set  of  cork-borers — pieces  of 
brass  tubing  sharpened  at  one  end  and  having  a  fiat  head  at  the 
other.  Setting  aside  the  test-tube  for  a  few  minutes,  proceed  to 
bend  the  long  piece  of  tubing  to  the  most  convenient  shape  for 
collecting  the  gas. 


Fig.  1. 


Softening  and  bending  glass  tubes. 


To  lend  Glass  Tubes, — Hold  the  part  of  the  tube  required  to 
be  bent  in  any  gas-  or  spirit-flame  (a  fish-tail  gas-jet  answers 
very  well),  constantly  rotating  it,  so  that  about  an  inch  of  the 
glass  becomes  heated.    It  will  soon  be  felt  to  soften,  and  will 
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then,  yielding  to  the  gentle  pressure 
of  the  fingers,  assume  any  required 
angle.  In  the  present  case,  the  tube 
should  be  heated  at  about  four  inches 
from  the  extremity  to  which  the  cork  is 
attached,  and  bent  to  an  angle  of  about 
90  degrees. 

Source  of  Heat. — The  source  of  heat 
for  the  test-tube  may  be  the  flame  of 
an  ordinary  spirit-lamp,  or,  still  better 
where  coal-gas  is  procurable,  a  mix- 
ture of  the  latter  with  air.  Gas-lamps 
especially  constructed  to  burn  a  mixture 
of  coal-gas  and  air  are  sold  by  che- 
mical apparatus  manufacturers.    (See  figs.  3  &  7.) 

Collection  etc,  (continued). — Fit  the  cork  and  bent  tube  into  the 
test-tube ;  the  apparatus  will  then  be  ready  for  delivering  gas  at 
a  convenient  distance  from  the  heated  portion  of  the  arrangement. 
To  collect  it,  have  ready  three  or  four  test-tubes  (or  small  wide- 
mouthed  bottles)  filled  with  water,  and  inverted  in  a  basin,  or 
other  similar  vessel,  also  containing  water,  taking  care  to  keep 
the  mouths  of  the  tubes  a  little  below  the  surface.  JSTow  apply 
heat  to  the  chlorate  contained  in  the  test-tube,  and  so  arrange  the 
open  end  of  the  bent  tube  under  the  water  that  the  gas  which 
presently  issues  may  bubble  into  and  gradually  fill  the  inverted 
test-tubes.  The  first  tubeful  may  be  rejected,  as  it  probably 
consists  of  little  more  than  the  air  originally  in  the  apparatus, 
and  which  has  been  displaced  by  the  oxygen.  That  which  comes 
afterwards  will  be  pure  oxygen. 

As  each  tube  or  bottle  is  collected,  the  mouth  (still  under  the 
surface  of  the  water)  may  be  closed  by  a  cork  and  set  aside ;  or  a 
little  cup  (such  as  a  porcelain  crucible  or  small  gallipot)  may  be 
brought  under  the  mouth,  and  the  cup,  with  the  mouth  of  the 


Fig.  2. 


This  engraving  represents  the  preparation,  collection,  and  storage  of  small 
quantities  of  oxygen  gas.  A  test-tube  and  bent  glass  tube,  joined  together  by 
a  perforated  cork,  are  supported  by  the  arm  of  an  iron  stand.  (The  apparatus 
might  be  held  by  the  fingers.)  The  tube  is  heated  by  a  gas-lamp.  (The 
spirit-lamp  shown  at  back  might  be  used  instead.)  Gas  evolved  from  the 
heated  substance  in  the  test-tube  is  displacing  water  from  an  inverted  test- 
tube.  Spare  tubes  in  a  test-tube  rack  are  at  hand,  and  tubes  already  filled 
are  set  aside  till  wanted.  A  nest  of  cork-borers,  a  round  file,  a  triangular 
file,  and  a  test-tube  cleaning-brush  are  lying  on  the  table  or  student's  bench. 
Below  are  cupboards  for  apparatus,  above  are  bottles  containing  testing 
liquids,  etc. 
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tube  in  it,  be  lifted  out  of  the  water  and  placed  close  by  till 
wanted,  the  water  remaining  in  the  cup  effectually  preventing 
the  gas  from  escaping. 

On  the  large  scale,  oxygen  may  be  made  in  the  same  way, 
larger  vessels  (glass  flasks  or  iron  bottles)  being  employed.  Less 
heat  also  will  be  necessary  if  the  chlorate  of  potassium  be  pre- 
viously mixed  with  very  fine  sand,  or,  still  better,  with  about  an 
equal  weight  of  common  black  oxide  of  manganese. 

Note  on  the  Collection  and  Storage  of  Gases. — It  may  be  as  well 
to  state  that  nearly  all  gases,  whether  for  experimental  or  prac- 
tical purposes,  are  collected  and  stored  in  a  similar  manner. 
Even  coal-gas  is  generated  at  gas-works  in  iron  retorts  very 
much  the  shape  of  test-tubes,  only  they  are  as  many  feet  long 
as  a  test-tube  is  inches ;  and  the  well-known  gigantic  gas- 
holders may  be  viewed  as  inverted  iron  test-tubes  of  great 
diameter. 

Properties. — Oxygen  is  a  colourless  gas.  It  cannot  be  lique- 
fied or  solidified.  Obviously  it  is  not  very  soluble  in  water,  or 
it  could  not  be  collected  by  the  aid  of  that  liquid. 

Oxygen  is  soluble  to  a  certain  extent,  however  (about  3  vo- 
lumes in  100,  at  common  temperatures),  or  fishes  could  not 
breathe. 

Other  noticeable  features  are  its  want  of  taste  and  smell.  Next, 
to  show  the  relation  of  oxygen  to  combustion,  remove  one  of  the 
tubes  from  the  water  by  placing  the  thumb  over  its  mouth,  apply 
for  a  second  a  lighted  wood  match  to  the  orifice ;  the  gas  will  be 
found  to  be  incombustible.  Extinguish  the  flame  of  the  match, 
and  then  quickly  introduce  the  still  incandescent  carbonaceous 
extremity  of  the  wood  halfway  down  the  test-tube ;  the  wood 
will  at  once  burst  into  flame,  owing  to  the  extreme  violence  with 
which  oxygen  supports  combustion.  These  tests  of  the  presence  of 
oxygen  may  also  be  applied  at  the  extremity  of  the  deli  very- tube 
whilst  the  gas  is  being  evolved.    (It  is  desirable  to  retain  two 
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tubes  of  the  gas  for  use  in  subsequent  experiments  ;  also  one 
tube  in  which  only  one  third  of  the  water  has  been  displaced  by 
oxygen.) 

Relation  of  Oxygen  to  Animal  and  Vegetable  Life. — Not  only 
the  carbon  at  the  end  of  a  piece  of  charred  wood,  but  any  other 
substance  that  will  burn  in  air  (which,  as  will  be  seen  presently, 
is  diluted  oxygen)  will  burn  more  brilliantly  in  pure  oxygen. 
The  warmth  of  the  bodies  of  animals  is  kept  up  by  the  continuous 
burning  of  the  carbonaceous  matter  of  the  blood  in  the  oxygen  of 
the  air  drawn  into  the  lungs.  The  product  of  this  combustion  is 
a  gaseous  compound  of  carbon  and  oxygen  termed  carbonic  acid 
gas,  a  gas  which,  in  sunlight,  is  decomposed  in  the  cells  of  plants 
with  fixation  of  the  carbon  and  liberation  of  the  oxygen  ;  hence 
the  atmosphere  is  kept  constant  in  composition. 

Memorandum, — At  present  it  is  not  advisable  that  the  reader 
should  trouble  himself  with  the  consideration  of  the  chemical 
action  which  occurs  either  in  the  elimination  of  oxygen  from 
its  compounds,  or  in  the  separation  of  any  of  the  following  non- 
metallic  elements  from  their  combinations.  It  is  to  the  proper- 
ties of  the  elements  themselves  that  he  should  restrict  his  atten- 
tion. Working  thus  from  simple  to  more  complex  facts,  he  will 
in  due  time  find  that  the  comprehension  of  such  actions  as  occur 
in  the  preparation  of  these  few  elements  will  be  easier  than  if  he 
attempted  their  full  study  now. 

HYDROGEN. 

Preparation  and  Collection. — The  element  Hydrogen  is  also  a 
gas  *,  and  is  obtainable  from  its  commonest  compound,  water  (of 
which  one  ninth  by  weight  is  hydrogen),  by  the  agency  of  hot 
zinc  or  iron,  but  more  conveniently  by  the  action  of  either  of  those 
metals  on  cold  diluted  sulphuric  acid.    The  apparatus  used  for 

*  Graham  obtained  alloys  of  hydrogen  with  palladium  and  other  metals, 
compounds  in  which  several  hundred  times  its  bulk  of  gas  is  retained  by  the 
metal  in  vacuo  or  even  at  a  red  heat.  This  is  physical  confirmation  of  the 
opinion  long  held  by  chemists  that  hydrogen  is  a  gaseous  metal.  G-raham 
termed  it  hydrogenium^  other  chemists  hydrium,  and  considered  its  relative 
weight  in  the  solid  state  to  be  nearly  three  fourths  that  of  water. 

B  5 
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making  oxygen  may  be  employed  for  this  experiment ;  but  no 
lamp  is  required.  Place  several  pieces  of  thin  zinc*  in  the 
generating  tube  (fig.  4),  or  in  any  common  glass  bottle  (fig.  5)  or 


Fig.  4. 


Fig.  5. 


Preparation  of  Hydrogen. 

flask,  and  cover  them  with  water.  The  collecting-tubes  (these 
also  may  be  wide-mouthed  bottles)  being  ready,  add  strong  sul- 
phuric acid  (oil  of  vitriol)  to  the  zinc  and  water,  in  the  propor- 
tion of  about  1  volume  of  acid  to  5  of  water,  and  fit  on  the  deli- 
very-tube, or  pour  the  acid  down  such  a  funnel-tube  f  as  is 
shown  in  fig.  5  ;  the  hydrogen  is  at  once  evolved.  Having  re- 
I'ected  the  first  portions  (or  having  waited  until  the  air  originally 

*  The  best  form  is  granulated  zinc  {Zincum  Granulatum,  B.  P.),  made  by 
heating  scraps  of  common  sheet  zinc  in  a  ladle  over  a  fire,  and,  as  soon  as 
melted,  pouring,  in  a  slow  stjream,  into  a  pail  of  water  from  a  height  of 
8  or  10  feet.  Each  drop  of  zinc  thus  yields  a  thin  little  bell,  which,  for 
its  weight,  presents  a  large  surface  to  the  action  of  the  acid  liquid.  If  the 
zinc  is  allowed  to  become  hotter  than  necessary,  the  little  bells  will  not  be 
formed. 

t  Funnel-tubes  may  be  purchased  of  the  apparatus-maker;  or,  if  the 
pupil  has  access  to  a  table  blowpipe  and  the  advantage  of  a  tutor  to  direct 
his  operations,  they  may  be  made  by  himself. 
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in  the  bottle  may  be  considered  to  be  all  expelled),  collect  four 
or  five  tubes  of  the  gas  in  the  manner  described  under  Oxygen. 

This  process  is  similar  to  that  of  the  ^  British  Pharmacopoeia.' 
In  making  larger  quantities,  bottles  of  appropriate  size  may  be 
employed. 

Other  metals,  notably  potassium  and  sodium,  liberate  hydrogen 
the  moment  they  come  into  contact  with  water  ;  but  the  processes 
are  not  economical. 

Properties, — Like  oxygen,  hydrogen  is  invisible,  inodorous, 
and  tasteless.  If  made  with  iron  it  has  a  strong  smell ;  but  this 
is  due  to  impurities  contained  in  the  metal. 

Apply  a  flame  to  the  mouth  of  the  delivery -tube  (care  being 
taken  that  the  gas  is  coming  off  briskly — a  guarantee  that  no  air 
remains  in  the  generating  vessel) ;  ignition  of  the  hydrogen 
ensues,  showing  that,  unlike  oxygen,  it  is  combustible. 

Immerse  a  lighted  match  into  a  tube  (or  wide-mouthed  bottle) 
containing  hydrogen ;  the  gas  is  ignited,  but  the  match  becomes 
extinguished.  This  shows  that  hydrogen  is  not  a  supporter  of 
combustion. 

Hydrogen  in  burning  unites  with  the  oxygen  of  the  air  and 
forms  water,  which  may  be  condensed  on  a  cool  glass  or  other 
surface.  Prove  this  by  holding  a  glass  vessel  a  few  inches  above 
a  hydrogen-flame.  In  burning  the  hydrogen  contained  in  one 
of  the  tubes  or  bottles,  the  flame  is  best  seen  when  the  tube  is 
held  mouth  upwards,  and  water  poured  in  so  as  to  expel  the  gas 
gradually. 

If,  instead  of  this  gradual  combination  of  the  two  elements 
oxygen  and  hydrogen,  they  be  mixed  together  in  the  right  pro- 
portions and  then  ignited,  they  will  rapidly  combine — in  other 
words,  explosion  results.  Prepare  a  mixture  of  this  kind  by 
filling  up  with  hydrogen  a  test-tube  from  which  one  third  of  the 
water  has  been  expelled  by  oxygen.  Eemove  the  tube  from  the 
water,  placing  a  finger  over  the  mouth,  and  having  a  lighted 
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match  ready,  apply  the  flame;  a  slight  explosion  will  result, 
,  owing  to  the  instantaneous  combination  of  the  two  elements,  and 
the  expansive  force  of  the  steam  produced.  If  any  thing  larger 
than  a  test-tube  is  employed  in  this  experiment  it  should  be  a 
soda-water  bottle,  or  some  such  vessel  equally  strong. 

These  two  gases  thus  unite  at  a  temperature  far  higher  than 
that  of  boiling  water,  two  volumes  of  hydrogen  and  one  of  oxygen 
yielding  two  volumes  of  gaseous  water  (true  steam). 

The  noise  of  such  explosions  is  caused  by  concussion  between 
the  particles  of  the  gaseous  body  and  those  of  air. 

The  force  of  the  explosion,  or,  in  other  words,  the  expansive 
force  of  the  highly  heated  steam  produced,  is  exceedingly  slight, 
certainly  very  far  below  that  necessary  to  break  the  test-tube. 
Some  force,  however,  is  exerted ;  and  hence  the  necessity  of  the 
precaution  previously  suggested  of  allowing  all  the  air  which  may 
be  in  a  hydrogen-apparatus  to  escape  before  proceeding  with  the 
experiments.  If  a  flame  be  applied  to  the  delivery-tube  before 
all  the  air  is  expelled,  the  probable  result  will  be  ignition  of  the 
mixture  of  hydrogen  and  oxygen  (of  the  air)  and  consequent 
explosion.  But  even  in  this  case  the  generating  vessel  is  not 
often  fractured  unless  it  be  large  and  of  thin  glass,  the  ordinary 
effect  being  that  the  cork  is  blown  out,  and  the  delivery-tube 
broken  on  falling  to  the  ground. 

Hydrogen  is  an  important  constituent  of  all  the  substances 
used  for  producing  artificial  light,  such  as  tallow,  oil,  and  coal- 
gas.  The  explosive  force  of  large  quantities,  such  as  a  roomful, 
of  coal-gas  and  air,  though  vastly  below  that  of  an  equal  weight 
of  gunpowder,  is  well  known  to  be  sufficient  at  least  to  blow  out 
that  side  of  the  room  which  offers  least  resistance. 

The  composition  of  water  can  be  proved  analytically  as  weU  as 
synthetically,  a.  current  of  electricity  decomposing  it  into  its  con- 
stituent gases,  twice  as  much  hydrogen  as  oxygen,  by  volume, 
being  produced. 

Combustion  (from  comhuro,  to  burn). — The  experiments  with 
hydrogen  and  oxygen  illustrate  the  true  character  of  combustion. 
"Whenever  chemical  combination  is  sufficiently  intense  to  be  ac- 
companied by  heat  and  light,  the  materials  are  said  to  undergo 
combustion.  Combustion  only  occurs  at  the  line  of  contact  of 
the  combining  bodies ;  a  jet  of  oxygen  will  burn  in  an  atmosphere 
of  hydrogen  quite  as  easily  as  a  jet  of  hydrogen  in  oxygen.  A 
jet  of  air  (diluted  oxygen)  will  burn  as  readily  in  ajar  of  coal- 
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gas  as  a  jet  of  coal-gas  burns  in  air ;  each  is  combustible,  each 
supports  the  combustion  of  the  other.  Hence  the  terms  coin- 
hustihle  and  supporter  of  combustion  are  purely  conventional,  and 
only  applicable  so  long  as  the  circumstances  under  which  they 
are  applied  remain  the  same.  In  the  case  of  substances  burning 
in  air,  the  conditions  are,  practically,  always  the  same  ;  hence  no 
confusion  arises  from  regarding  air  as  the  great  supporter  of 
combustion,  and  bodies  which  burn  in  it  as  being  combustible. 

Structure  of  Flame. — A  candle-flame  (fig.  6)  or  oil-flame  is  a  jet 
of  gas  intensely  heated ;  the  central  portion  is  unburnt  gas,  the 
next  envelope  is  formed  of  partially  burnt  and  very  dense  gaseous 
particles  heated  sufficiently  high  to  give  light,  and  the  outer  cone 
of  completely  burnt  gases.  In  the  figure  the  sharpness  of  limit 
of  these  cones  is  purposely  somewhat  exaggerated.  Air  made, 
by  any  mechanical  contrivance  of  burner,  to  mix  with  the  interior 
of  a  flame  at  once  burns  up,  or  perhaps  prevents  the  formation 
of  dense  gases,  giving  a  hotter,  but  non-luminous  jet.  The  air- 
gas  lamps  (fig.  7),  or  "  Bunsen  "  gas-burners,  commonly  used  in 
chemical  laboratories  are  constructed  on  this  principle :  their 
flame  has  the  additional  advantage  of  not  yielding  a  deposition  of 
soot. 


In  the  air-gas  lamp  coal-gas  escaping  from  a  small  orifice 
draws  air  (supplied  through  adjacent  holes)  into  its  column,  and 
the  mixture  of  gas  and  air  passes  upwards  along  a  pipe.  It  only 
burns  at  the  end,  and  not  within  the  pipe,  because  the  metal  of 
the  burner,  by  conducting  heat  away,  cools  the  mixture  below 
the  temperature  at  which  it  can  ignite  :  moreover  the  proportion 


Fig.  6. 


Fig.  7. 


Structure  of  Flame. 


"Bunsen,"  or  Air-gas,  Burner. 
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of  air  to  gas  in  the  mixture  is  insufficient  for  thorougli  and  perfect 
combustion,  the  external  air  contributing  materially  to  the  com- 
plete combustion  of  the  jet  of  air-gas.  The  Davy  safety -lamp 
acts  on  the  same  principle  :  a  wire-gauze  cage  surrounds  an  oil- 
flame  ;  an  inflammable  mixture  of  gas  (fire-damp)  and  air  can 
pass  through  the  gauze  and  catch  fire  and  burn  inside ;  but  the 
flame  cannot  be  communicated  to  the  mixture  outside,  because 
the  metal  of  the  gauze  and  of  the  other  parts  cools  down  the  gas 
below  the  temperature  at  which  combustion  can  continue. 

Properties  {continued). — Hydrogen  is  the  lightest  substance 
known.  It  was  formerly  used  for  filling  balloons,  but  was  soon 
superseded  by  coal-gas.  Coal-gas  is  not  so  light  as  hydrogen, 
but  is  cheaper  and  more  easily  obtained.  The  lightness  of  hy- 
drogen may  be  rendered  evident  by  the  following  experiment : — 
Eill  two  test-tubes  with  the  gas,  and  hold  one  with  its  mouth 
downwards  and  the  other  with  its  mouth  upwards.  The  hy- 
drogen will  have  escaped  from  the  latter  in  a  few  seconds, 
whereas  the  former  will  still  contain  the  gas  after  the  lapse  of 
some  minutes.  This  may  be  proved  by  applying  a  lighted  match 
to  the  mouths  of  the  respective  tubes. 

The  relative  weight  or  specific  gravity  of  oxygen  is  sixteen 
times  that  of  hydrogen.  A  vessel  holding  one  grain  of  hydrogen 
will  hold  sixteen  grains  of  oxygen.  The  relation  of  the  weight  of 
hydrogen  to  air  is  as  1  to  14-44  or  as  0*0693  to  1*0.  One  grain 
of  hydrogen  by  weight  would  measure  about  27  fluid  ounces,  and, 
therefore,  would  about  fill  a  common  English  wine-bottle.  Such 
a  bottle  would,  at  common  temperatures,  hold  about  14|  grains 
of  air,  or  16  grains  of  oxygen. 

Mem, — It  is  desirable  to  retain  two  tubes  of  hydrogen  for  use 
in  subsequent  experiments. 

Diffusion  of  Gases. — Hydrogen  cannot  be  kept  in  such  vessels 
as  the  inverted  test-tube ;  for,  though  much  lighter  than  air,  it 
diffuses  downwards  into  the  air,  while  the  air,  though  much 
heavier,  difluses  upwards  into  the  hydrogen.  This  power  of 
diffusion  is  characteristic  of  all  gases,  and  proceeds  according  to 
a  fixed  rate,  namely,  in  inverse  proportion  to  the  square  root 
of  the  specific  gravity  of  the  gas (Graham).  Thus  hydrogen 
diffuses  four  times  faster  than  oxygen. 
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PHOSPHORUS. 

Ajopearance  and  Source, — Phosphorus  (Phosjohorus,  B.  P.)  is  a 
solid  element,  in  appearance  and  consistence  resembling  white 
wax  ;  but  it  gradually  becomes  yellow  by  exposure  to  light.  It 
is  a  characteristic  constituent  of  bones,  and  is  always  prepared 
from  that  source  by  a  process  which  will  be  subsequently  de- 
scribed. 

Caution. — Phosphorus,  on  account  of  its  great  affinity  for 
oxygen,  takes  fire  very  readily  in  the  air,  and  should  therefore 
be  kept  under  water.  "When  wanted  for  use  it  must  be  cut  under 
water.  It  is  employed  in  tipping  lucifers,  though  red  or  amor- 
j)hous  phosphorus  (vide  Index)  is  least  objectionable  for  this 
purpose. 

Properties, — Dry  a  piece  about  one  fourth  the  size  of  a  pea  by 
quickly  and  carefully  pressing  it  between  the  folds  of  porous 
(filter  or  blotting)  paper;  place  it  on  a  plate,  and  ignite  by 
touching  it  with  a  piece  of  warm  wire  or  wood.  The  product 
of  combustion  is  a  dense  white  suffocating  smoke,  which  must 
be  confined  at  once  by  placing  an  inverted  tumbler,  test-glass, 
or  other  similar  vessel  over  the  phosphorus.  The  fumes  rapidly 
aggregate,  and  fall  in  white  fiakes  on  the  plate.  When  this  has 
taken  place,  and  the  phosphorus  is  no  longer  burning,  moisten 
the  powder  with  a  drop  or  two  of  water,  and  observe  that  some 
of  the  water  is  converted  into  steam,  an  effect  due  to  the  intense 
affinity  with  which  these  two  substances  combine. 

The  powder  produced  by  the  combustion  of  phosphorus  is 
phosphoric  anhydride ;  the  combination  of  the  latter  with  the 
elements  of  water  produces  a  variety  of  phosphoric  acid  which 
dissolves  in  the  water,  forming,  on  standing,  a  dilute  solution  of 
ordinary  phosphoric  acid.  The  Diluted  Phosphoric  Acid  of  the 
^  British  Pharmacopoeia '  is  a  somewhat  similar  solution,  made, 
however,  in  a  different  way,  and  of  a  definite  strength. 

NITROGEN. 

Source. — The  chief  source  of  this  gaseous  element  is  the  atmo- 
sphere, nearly  four  fifths  of  which  consist  of  nitrogen  (the  re- 
maining fifth  being  almost  entirely  oxygen). 
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Freparation.-^~B]iTii  a  piece  of  dried  phosphorus,  the  size  of  a 
pea,  in  a  confined  portion  of  air.  The  oxygen  is  thus  removed, 
and  nitrogen  alone  remains.  The  readiest  mode  of  performing 
this  experiment  is  to  fix  a  piece  of  earthenware  (the  lid  of  a 
small  porcelain  crucible  answers  very  well)  on  a  thin  piece  of 
cork,  so  that  it  may  float  in  a  dish  of  water  (fig.  8).  Place  the 
phosphorus  on  the  lid,  ignite  by  a  warm  rod,  and  then  invert  a 
tumbler,  or  any  glass  vessel  of  about  a  half-pint  capacity,  over 
the  burning  phosphorus,  so  that  the  mouth  of  the  glass  may  dip 
into  the  water.  Let  the  arrangement  rest  for  a  short  time  for 
the  fumes  of  phosphoric  anhydride  to  subside  and  dissolve  in  the 
water,  and  then  decant  the  gas  into  test-tubes  in  some  such 
manner  as  that  indicated  in  fig.  9,  using  a  tub  or  other  vessel  of 
water  of  sufficient  depth  to  admit  of  the  glass  containing  the 
nitrogen  to  be  turned  on  one  side  without  air  gaining  access. 


Larger  quantities  of  nitrogen  are  made  in  the  same  way.  Other 
combustibles,  such  as  sulphur  or  a  candle,  might  be  used  to  burn 
out  the  oxygen  from  a  given  quantity  of  air,  but  none  answer  so 
quickly  and  completely  as  phosphorus ;  added  to  which,  the  pro- 
duct of  their  combustion  would  not  always  be  dissolved  by  water, 
but  would  remain  with  and  contaminate  the  nitrogen. 

Mem. — The  statement  concerning  the  composition  of  the  air  is 
roughly  confirmed  in  preparing  nitrogen,  about  one  fifth  of  the 


Fig.  8. 


Fig.  9. 


Preparation  of  Nitrogen. 


Decantation  of  Gases. 


NITROGEN,  CHLORINE. 
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volume  of  the  air  originally  in  the  glass  vessel  having  disappeared, 
its  place  being  occupied  by  water  from  the  dish. 

Properties. — Like  oxygen  and  hydrogen,  nitrogen  is  invisible, 
tasteless,  and  inodorous.  It  is  only  slightly  soluble  in  water. 
It  is  distinguished  from  all  other  gases  by  the  absence  of  any 
characteristic  or  positive  properties.  Apply  a  flame  to  some  con- 
tained in  a  tube  ;  it  will  be  found  to  be  incombustible.  Immerse 
a  lighted  match  in  the  gas ;  the  flame  is  extinguished,  showing 
that  nitrogen  is  a  non-supporter  of  combustion. 

The  chief  office  of  nitrogen  in  the  air  is  to  dilute  the  energetic 
oxygen,  a  mere  mechanical  mixture  resulting.  The  chemical 
compounds  of  nitrogen  and  oxygen  are  numerous  {vide  Index). 
The  compound  formed  by  the  union  of  nitrogen  with  hydrogen  is 
gaseous  ammonia. 

Nitrogen  is  fourteen  times  as  heavy  as  hydrogen. 

The  air  is  nearly  fourteen  and  a  half  (14-44)  times  as  heavy  as 
hydrogen.  Its  average  composition,  including  minor  constituents 
(which  will  be  referred  to  subsequently),  is  as  follows  : — 

Composition  of  the  Atmosphere, 

In  100  volumes. 


Oxygen    20*61 

Nitrogen    77*95 

Carbonic  acid  gas   -04 

Aqueous  vapour    1*40 

Nitric  acid    ^ 

Ammonia   I  traces. 

Carburetted  hydrogen   | 

Sulphuretted  hydrogen    ]  traces  in 

Sulphurous  acid    J  towns. 


The  above  proportions  are  by  volume.  Ey  weight  there  will 
be  nearly  23  parts  of  oxygen  to  nearly  77  of  nitrogen,  oxygen 
being  the  heavier  in  the  ratio  of  16  to  14.  Ozone  (vide  Index) 
is  also  said  to  be  a  normal  constituent  of  air. 

CHLORINE. 

Sowrce. — This  element  is  a  gas.  Its  chief  source  is  common 
salt,  more  than  half  of  which  is  chlorine. 
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Preparation. — About  a  quarter  of  an  ounce  of  salt  and  the  same 
amount  of  black  oxide  of  manganese  are  mixed,  and  placed  in  a 
test-tube  with  sufficient  water  to  cover  them ;  on  adding  a  small 
quantity  of  sulphuric  acid,  the  evolution  of  chlorine  commences. 
Eor  mode  of  collection  see  following  paragraphs. 

Another  process, — As  the  action  of  the  sulphuric  acid  on  the 
salt  in  the  above  process  is  mainly  to  give  hydrochloric  acid,  the 
latter  acid  (about  4  parts)  and  the  black  oxide  of  manganese 
(about  1  part)  may  be  used  in  making  the  gas,  instead  of  salt, 
sulphuric  acid,  and  black  oxide  of  manganese.  This  is  the  pro- 
cess of  the  *  British  Pharmacopoeia.' 


Collection  and  Properties. — Chlorine  is  a  most  suffocating  gas. 
Great  care  must  consequently  be  observed  in  experimenting  with 
this  element.  As  soon  as  its  penetrating  odour  indicates  that  it 
is  escaping  from  the  test-tube,  the  cork  and  delivery-tube  (similar 
to  that  used  in  making  oxygen)  should  be  fitted  on,  and  the  gas 
allowed  to  pass  to  the  bottom  of  another  test-tube  containing  water 
(fig.  10).  When  thirty  or  forty  small  bubbles  have  passed,  their 
evolution  being  assisted  by  slightly  heating  the  generating-tube, 
the  latter  should  be  removed  to  the  cupboard  usually  provided  in 
laboratories  for  performing  operations  with  noxious  gases,  or  dis- 


Pig.  10. 


Fig.  11. 


Preparation  of  Chlorine. 


CHLORINE. 
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mounted,  and  the  contents  washed  away.  The  water  in  the 
collecting-tube  will  now  be  found  to  smell  of  the  gas,  chlorine 
being,  in  fact,  soluble  in  about  half  its  bulk  of  water.  Chlorine- 
water  is  official*  in  the  ^  British  Pharmacojjoeia '  {Liquor  CMori). 

Larger  quantities  may  be  made  from  hydrochloric  acid  and 
black  oxide  of  manganese  (4  to  1)  in  a  florence  flask  fitted 
with  a  delivery- tube,  the  flask  being  supported  over  a  flame 
by  the  ring  of  a  retort-stand  or  any  similar  mechanical  con- 
trivance (fig.  11).  A  piece  of  cardboard  on  the  neck  of  the 
collecting-bottle,  as  indicated  in  the  figure,  retards  diffusion  of 
the  gas  from  the  bottle  during  collection  of  the  gas. 

Mem. — Flasks  and  similar  glass  vessels  are  less  liable  to  frac- 
ture if  protected  from  the  direct  action  of  the  flame  by  being 
placed  on  a  piece  of  wire  gauze  2  to  4  inches  square,  or  on  a 
sand-bath,  that  is,  a  saucer-shaped  tray  of  sheet  iron  on  which 
a  thin  layer  of  sand  is  placed. 

The  Vapor  Chlori,  E.  P.,  or  Inhalation  of  Chlorine,  is  simply 
moist  chlorinated  lime  so  placed  that  some  of  the  chlorine  given 
off  may  be  inhaled. 

During  these  manipulations  the  operator  will  have  noticed 
that  chlorine  is  of  a  light  green  colour.  That  tint  is  readily 
observed  when  the  gas  is  collected  in  large  vessels.  As  it  is 
soluble  in  water  (2^  vols,  in  1  vol.  at  60°  F.),  it  cannot  be 
economically  stored  over  that  liquid.  Eeing,  however,  nearly 
twice  and  a  half  as  heavy  as  air,  it  may  be  collected  by  simply 
allowing  the  delivery-tube  to  pass  to  the  bottom  of  the  test-tube 
or  dry  bottle  (fig.  11). 

^  The  Pharmacopoeia  and  all  in  it  is  official  (office,  Fr.  from  L.  officium, 
an  office).  There  are  many  things  which  in  pharmacy  are  officinal  (Fr. 
from  L.  officina,  a  shop)  but  not  official.  To  restrict  the  word  officifuil  to 
the  contents  of  a  pharmacist's  shop,  and  to  that  portion  of  the  contents 
which  is  Pharmacopceial,  is  radically  wrong,  and  should  be  avoided. 

"  An  official  formula  is  one  given  under  authority.  An  officinal  formula 
is  one  made  in  obedience  to  the  customary  usage  of  the  shop  (officina).  To 
state  that  any  preparation  under  the  sanction  of  the  British  Pharmacopoeia 
is  officinal,  is  a  misapprehension  of  the  meaning  of  the  word." — J.  Brough. 

That  is  official  which  emanates  from  a  recognized  authority.  That  is 
officinal  which  is  issued  from  an  officina  or  workshop. — J.  Ince. 

Official  writings  and  orders  are  those  issued  by  official  persons.  Officinal 
articles  are  such  as  are  found  in  a  shop. — J.  F.  Stanford,  M.A.,  F.E.S. 
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The  distinctive  property  of  chlorine  is  its  bleaching-power.. 
Prepare  some  coloured  liquid  by  placing  a  few  chips  of  logwood 
or  other  dyeing-material  in  a  test-tube  half  full  of  hot  water. 
Pour  off  some  of  this  red  decoction  into  another  tube,  add  a  few 
drops  of  the  chlorine-water ;  the  red  colour  is  rapidly  destroyed. 

Chlorine  readily  decomposes  offensive  effluvia ;  it  is  one  of  the 
most  powerful  of  the  deodorizers.  It  also  decomposes  putrid  and 
infectious  matter ;  it  is  one  of  the  best  of  disinfectants. 

Combination  of  Hydrogen  with  Chlorine,  farming  Hydrochloric 
Acid. — If  an  opportunity  occurs  of  generating  chlorine  in  a  closed 
chamber  or  in  the  open  air,  a  test-tube,  of  the  same  size  as  one  of 
those  in  which  hydrogen  has  been  retained  from  a  previous  ope- 
ration, is  filled  with  the  gas.  The  hydrogen-tube  is  then  in- 
verted over  that  containing  the  chlorine,  the  mouths  being 
kept  together  by  encircling  them  with  a  finger.  After  the  gases 
have  mixed,  the  mouths  of  the  tubes  are  quickly  in  succession 
brought  near  a  fiame,  when  explosion  occurs,  and  fumes  of  a 
compound  of  hydrochloric  acid  with  the  moisture  of  the  air  are 
formed.  The  Hydrochloric  Acid  of  pharmacy  is  a  solution  of  the 
gas  (made  in  a  more  economical  way)  in  water. 

The  foregoing  experiment  affords  evidence  of  the  powerful  affi- 
nity of  chlorine  and  hydrogen  for  each  other.  Chlorine  dissolved 
in  water  will,  in  sunlight,  slowly  remove  hydrogen  from  some  of 
the  water  and  liberate  oxygen.  The  bleaching-power  of  chlo- 
rine is  generally  referred  to  this  oxidizing  effect  which  it  produces 
in  presence  of  water ;  for  dry  chlorine  does  not  bleach. 

Density, — Chlorine  is  thirty-five  and  a  half  times  as  heavy  as 
hydrogen.    A  wine-bottle  would  hold  about  35 1  grains. 

SULPHUR,  CARBON,  IODINE. 

The  physical  properties  of  these  elements  (colour,  hardness, 
weight,  &c.)  are  familiar.  Their  leading  chemical  characters  will 
also  be  understood  when  a  few  facts  concerning  each  are  made 
the  subject  of  experiment. 
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Sflphuk. — Burn  a  small  piece  of  sulphur  ;  a  penetrating  odour 
is  produced,  due  to  the  formation  of  a  colourless  gas,  the  same  as 
that  formed  on  igniting  a  sulphur-tipped  lucifer- match. 

This  product  is  a  perfectly  definite  chemical  compound  of  the 
oxygen  of  the  air  with  the  sulphur.  It  is  termed  sulphurous 
anhydride  or  sulphurous  acid  gas. 

Cakbon  is  familiar  in  the  forms  of  soot,  coke,  charcoal,  gra- 
phite (or  plumbago,  popularly  termed  blacklead),  and  diamond. 
The  presence  of  carbon  in  wood,  and  in  other  vegetable  and 
animal  matter,  is  at  once  rendered  evident  by  heat.  Place  a 
little  tartaric  acid  on  the  end  of  a  knife  in  a  flame ;  the  black- 
ening that  occurs  is  due  to  the  separation  of  carbon.  The  black 
matter  at  the  extremity  of  a  piece  of  half- burned  wood  is  also 
carbon. 

Carbon,  like  hydrogen,  phosphorus,  and  sulphur,  has  a  great 
affinity  for  oxygen  at  high  temperatures.  A  striking  evidence 
of  that  affinity  is  the  evolution  of  sufficient  heat  to  make  the 
materials  concerned  red-  or  even  white-hot.  When  ignited  in 
the  dilute  oxygen  of  the  air,  carbon  simply  burns  with  a  mode- 
rate glow,  as  seen  in  an  ordinary  coke  or  charcoal  fire ;  but  when 
ignited  in  pure  oxygen,  the  intensity  of  its  combination  is 
greatly  exalted.  The  product  of  the  combination  of  the  two 
elements,  if  the  oxygen  be  in  excess,  is  an  invisible  gaseous  body 
termed  carbonic  acid  gas  ;  if  the  carbon  be  in  excess,  another  in- 
visible gas  termed  carbonic  oxide  results. 

Iodine. — A  prominent  chemical  characteristic  of  iodine  is  its 
great  affinity  for  metals.  Place  a  piece  of  iodine,  about  the  size 
of  a  pea,  in  a  test-tube  with  a  small  quantity  of  water,  and  add 
a  few  iron-filings  or  small  nails.  On  gently  warming  this  mecha- 
nical mixture,  or  even  shaking  if  longer  time  be  allowed,  the 
colour  and  odour  of  the  iodine  disappear ;  it  has  cJiemically  com- 
bined with  the  iron,  a  chemical  compound  has  been  produced.  If 
the  solution  be  filtered,  a  clear  aqueous  solution  of  the  compound 
of  the  two  elements  is  obtained. 
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This  compound  is  an  iodide  of  iron.  Its  solution,  made  as 
above,  and  mixed  with  sugar,  forms,  when  of  a  certain  strength, 
the  ordinary  Syrup  of  Iodide  of  Iron  of  pharmacy  (Syrupus 
Ferri  lodidi,  B.  P.).  A  strong  solution  mixed  with  sugar  and 
liquorice-root  constitutes  the  corresponding  Pill  (Pilula  Ferri 
lodidi,  E.  P.).  The  solid  iodide  {Ferri  lodidum,  B.  P.)  is  obtained 
on  removing  the  water  of  the  above  solution  by  evaporation. 

Sidphur  and  Iron,  also,  when  very  strongly  heated,  cliemically 
combine  to  form  a  substance  which  has  none  of  the  properties  of 
a  mixture  of  sulphur  and  iron — that  is,  has  none  of  the  characters 
of  sulphur  and  none  of  iron,  but  new  properties  altogether.  The 
product  is  termed  Sulphide  of  Iron.  Its  manufacture  and  uses 
will  be  alluded  to  in  treating  of  the  compounds  of  iron ;  it  is 
mentioned  here  as  a  simple  but  striking  illustration  of  the  differ- 
ence between  a  chemical  compound  and  a  mechanical  mixture, 

THE  ELEMENTS,  THEIE  SYMBOLS,  Etc. 

Erom  the  foregoing  statements  a  general  idea  will  have  been 
obtained  of  the  nature  of  several  of  the  more  frequently  occur- 
ring elements.  Some  additional  facts  concerning  them  may  be 
gathered  from  the  following  Table,  which  gives  the  name  in 
full,  the  symbol  (or  short-hand  character*)  of  the  name,  and  its 
origin. 

Eor  the  purposes  of  study  the  elements  may  be  divided  into 
three  classes,  viz.  those  frequently  used  in  pharmacy,  those  seldom, 
and  those  never  used. 


Name. 

Symbol. 

Derivation  of  Name. 

Oxygen  

0 

From  o^vs  (oxus)  acid,  and  yeveo-is  (ge- 
nesis) generation,  i.  e.  generator  of  acids. 

It  was  supposed  to  enter  into  the  compo- 
sition of  all  acids  when  first  discovered. 

Hydrogen  .... 

H 

Erom  vbap  (hudor)  water,  and  yeVeo-i? 

(genesis)  generation,  in  allusion  to  the  pro- 
duct of  its  combustion  in  air. 

Nitrogen  .... 

N 

From  virpov  (nitron),  and  yeveo-is  (gene- 
sis), generator  of  nitre. 

0 

From  carbo,  coal,  which  is  chiefly  carbon. 
From  x^(>^pos  (chloros)  green,  the  colour 
of  this  element. 

CI 

*  The  symbol  is  also  much  more  than  the  short-haud  character,  as  will 
presently  be  apparent. 
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Name. 

Symbol. 

I 

s 

Phosplioms    .  . 

p 

Potassium  .... 

K 

(Kalium.) 

Na 

(Natrium.) 

Ammonium  . . 

Am 

mo 

Barium   

Ba 

Ca 

Magnesium   . . 

Mg 

Fe 

(Ferrum.) 

Aluminium   . . 

Al 

Derivation  of  Name. 


From  toi/  (ion)  a  violet,  and  eldos  (eidos) 
likeness,  in  reference  to  the  colour  of  its 
vapour. 

From  sal  a  salt,  and  Trvp  (pur)  Jire^  in- 
dicating its  combustible  qualities.  Its 
common  name,  brimstone^  has  the  same 
meaning,  being  the  slightly  altered  Saxon 
word  hrynstone^  i.  e.  burnstone. 

^0)?  (ph5s)  light,  and  cjyepeLv  (pherein)  to 
bear.  The  light  it  emits  may  be  seen  on 
exposing  it  in  a  dark  room. 

Kalium,  from  kali,  Arabic  for  ashes. 
Manufactories  in  v^hich  certain  compounds 
of  potassium  and  allied  sodium-salts  are 
made  are  called  alkali-v^orks  to  this  day. 
Potassium,  from  pot-ash ;  so  called  because 
obtained  by  evaporating  the  lixivium  of 
wood-ashes  in  pots.  From  such  ashes  the 
element  was  first  obtained,  hence  the 
name. 

Natrium,  from  natron,  the  old  name  for 
certain  natural  deposits  of  carbonate  of 
sodium.  Sodium,  from  soda-ash  or  sod-ash, 
the  residue  of  the  combustion  of  masses  or 
sods  of  marine  plants.  These  were  the 
sources  of  the  metal. 

This  body  is  not  an  element;  but  its 
components  exist  in  all  ammoniacal  salts, 
and  apparently  play  the  part  of  such  ele- 
ments as  potassium  and  sodium.  Sal  am- 
moniac (chloride  of  ammonium)  was  first 
obtained  from  near  the  temple  of  Jupiter 
Ammon  in  Libya ;  hence  the  name. 

From  ^apvs  (barus)  heavy,  in  allusion  to 
the  high  specific  gravity  of  heavy  spar," 
the  most  common  of  the  barium  minerals. 

Calx,  lime,  the  oxide  of  calcium. 

From  Magnesia,  the  name  of  the  town 
(in  Asia  Minor)  near  which  the  substance 
now  called  "native  carbonate  of  magnesia" 
was  first  discovered. 

The  spelling  is  from  the  Saxon  iren,  the 
pronunciation  probably  from  the  kindred 
Gothic  "  iarn  5"  the  derivation  is  unknown 
to  the  author. 

The  metallic  basis  of  alum  was  at  first 
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Name. 


Zinc   

Arsenicum . . 


Antimony  .  .  . 
(Stibium.) 


Copper   

(Cuprum.) 

Lead  ....... 

(Plumbum.) 

Mercury  

(Hydrargy- 
rum.) 


Silver  

(Argentum.) 


Symbol. 


Zn 

As 

Sb 

Cu 
Pb 
Hg 

Ao: 


Derivation  of  Name. 


confounded  with  that  of  sulphate  of  iron, 
which  was  the  alum  of  the  Romans^  and 
was  so  called  in  allusion  to  its  tonic  pro- 
perties, from  alo,  to  nourish. 

The  derivation  of  this  word  is  unknown 
to  the  author. 

'Apa-evLKop  (arsenikon),  the  Greek  name 
for  orpiment,  a  sulphide  of  arsenicum. 
Common  white  arsenic  is  an  oxide  of 
arsenicum. 

2ri^t  (stibi)^  or  crTLfjLfjLL  (stimmi)  was  the 
Greek  name  for  the  native  sulphide  of 
antimony.  The  word  anthnony  is  said  to 
be  derived  from  avrl  (anti)  against,  and 
?noine,  French  for  monk,  from  the  fact  that 
certain  monks  were  poisoned  by  it. 

From  Ct/prus,  the  name  of  the  Mediter- 
ranean island  where  this  metal  was  first 
worked. 

The  Latin  word  is  expressive  of  "  some- 
thing heavy,"  and  the  Saxon  l€P.d  has  a 
similar  signification. 

Hydrargyrum,  from  vbwp  (hudor)  ivater, 
and  apyvpos  (arguros)  silver,  in  allusion  to 
its  liquid  and  lustrous  characters.  Mer- 
cury, after  the  messenger  of  the  gods,  on 
account  of  its  susceptibility  of  motion. 
The  old  name  quicksilver  also  indicates  its 
ready  mobility  and  argentine  appearance. 

''Apyvpos  (arguros)  silver,  from  dpyos 
(argos)  wJiite.  Words  resembling  the  term 
silver  occur  in  several  languages,  and  indi- 
cate a  white  appearance. 


The  following  are  names  of  some  of  the  less  frequently  occur- 
ring elements,  compounds  of  which,  however,  are  alluded  to  in 
the  British  Pharmacopoeia  or  are  met  with  in  pharmacy. 


Bromine . 
Fluorine . 


From  ^pmixos  (bromos),  a  stink.  It  has 
an  intolerable  odour. 

Fluo  to  flow.  Fluoride  of  calcium,  its 
source,  is  commonly  used  as  a  flux  in 
metallurgic  operations. 
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Name. 


Symbol. 


Derivation  of  Name. 


Boron .  .  . 

Silicon  . 
Litliium . 


Strontium 


Cerium 


Chromium  . 
Manganese  . 

Cobalt    . . . 


Nickel. 


Tin  (Stanniim) 


Gold  (Aurum). 


Bo 

Si 
L 

Sr 

Ce 

Cr 
Mn 

Co 
Ni 


Sn 


Au 


From  horak  or  haurak^  the  Arabic  name 
of  horax^  the  substance  from  which  the 
element  was  first  obtained. 

From  silex,  Latin  for  jiintj  which  is 
nearly  all  silica  (an  oxide  of  silicon). 

From  XideLos  (litheios)  stoni/,  in  allusion 
to  its  supposed  existence  in  the  mineral 
kingdom  only. 

This  name  is  commemorative  of  Stron- 
tian,  a  mining-village  in  Argyleshire, 
Scotland,  in  the  neighbourhood  of  which 
the  mineral  known  as  stronticmite  or  car- 
bonate of  strontium  was  first  found. 

Discovered  in  1803,  and  named  after  the 
planet  Ceres,  which  was  discovered  on 
Jan.  1,  1801.  The  oxalate  of  cerium  is 
official,  but  seldom  used. 

From  xp^H-ci  (chroma)  colour,  in  allusion 
to  the  characteristic  appearance  of  its 
salts. 

Probably  a  mere  transposition  and  repe- 
tition of  most  of  the  letters  of  the  word 
magnesia,  with  whose  compounds  those 
of  manganese  were  confounded  till  the  year 
1740. 

Cohalus  or  Kohold  was  the  name  of  a 
demon  supposed  to  inhabit  the  mines  of 
Germany.  The  ores  of  cobalt  were  for- 
merly troublesome  to  the  German  miners, 
and  hence  received  the  name  their  metallic 
radical  now  bears. 

Nickel,  from  nil,  is  a  popular  German 
term  for  worthless.  The  mineral  now  known 
as  nickel  ore  was  formerly  called  by  the 
Germans  Kvpfernickel,  false  copper,  on  ac- 
count of  its  resemblance  to  copper  {Kup- 
fer)  ore.  When  a  new  metallic  element 
was  found  in  the  ore,  the  name  nickel  was 
retained. 

Both  words  are  possibly  corruptions  of 
the  old  British  word  stae7ij  or  the  Saxon 
word  Stan,  a  stone.  Tin  was  first  dis- 
covered in  Cornwall,  and  the  ore  (an 
oxide)  is  called  tinstone  to  the  present  day. 

Aurum  (Latin)  from  a  Hebrew  word 
signifying  the  colour  of  fire. 
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QUESTIONS  AND  EXERCISES. 


Name, 

Symbol. 

Deriyation  of  Name. 

Platinum  .... 

Pt 
Bi  " 

Cd 

Gold,  an  old  Saxon  word  expressive  of 
yellow,  the  colour  of  this  metal. 

From  platina  (Spanish),  diminutive  of 
plata,  silver.  It  somewhat  resembles 
silver  in  appearance,  but  is  less  white  and 
lustrous. 

Slightly  altered  from  the  German  Wis- 
muth,  derived  from  Wiesematte  '^a  beauti- 
ful meadow,"  a  name  oiven  to  it  originally 
by  the  old  miners  in  allusion  to  the  pret- 
tily variegated  tints  presented  by  the 
freshly  exposed  surface  of  this  crystalline 
metal. 

Kadfiela  (Kadmeia)  was  the  ancient 
name  of  calamine  (carbonate  of  zinc),  with 
which  carbonate  of  cadmium  was  long  con- 
founded, the  two  often  occurring  together. 

Cadmium  .... 

Gold,  Platinum,  Tin,  and  Silicon  are  classed  with  the  less 
important  elements,  because  their  salts  are  seldom  used  in 
pharmacy. 

It  will  be  noticed  that  the  symbol  of  an  element  is  simply  the 
first  letter  of  its  Latin  name,  which  is  generally  the  same  as  in 
English.  Where  two  names  begin  with  the  same  letter,  the  less 
important  has  an  additional  letter  added. 


auESTiGisrs  a^^d  exeecises. 

1.  Gf  how  many  elements  is  terrestrial  matter  composed? 

2.  In  what  state  do  the  elements  occur  in  nature  ? 

3.  Distinguish  between  the  art  and  the  science  of  chemistry. 

4.  What  is  the  difference  between  an  element  and  a  compound  ? 

5.  Enumerate  the  chief  non-metallic  elements. 

6.  Describe  a  process  for  the  preparation  of  oxygen. 

7.  How  are  gases  usually  stored  ? 

8.  Mention  the  chief  properties  of  oxygen. 

9.  What  is  the  source  of  animal  warmth  ? 

10.  State  the  proportion  of  oxygen  in  air. 

11.  Is  the  proportion  constant,  and  why  ? 

12.  Give  a  method  for  the  elimination  of  hydrogen  from  water. 

13.  State  the  properties  of  hydrogen. 
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14.  Why  is  a  mixture  of  hydrogen  and  air  explosive  ? 

15.  Explain  the  effects  producible  by  the  ignition  of  large 
qaantities  of  coal-gas  and  air. 

16.  What  is  the  nature  of  combustion? 

17.  Define  a  combustible  and  a  supporter  of  combustion, 

18.  Describe  the  structure  of  flame. 

19.  State  the  principle  of  the  Davy  safety -lamp. 

20.  To  what  extent  is  hydrogen  lighter  than  oxygen  ? 

21.  What  do  you  mean  by  diffusion  of  gases? 

22.  State  Graham's  law  concerning  diffusion. 

23.  I^ame  the  source  of  phosphorus,  and  give  its  characters. 

24.  Why  does  phosphorus  burn  in  air  ? 

25.  What  remains  when  ignited  phosphorus  has  removed  all 
the  oxygen  from  a  confined  portion  of  air  ? 

26.  Mention  the  properties  of  nitrogen. 

27.  What  office  is  fulfilled  by  the  nitrogen  of  air? 

28.  State  the  proportions  of  the  chief  constituents  of  air. 

29.  Mention  the  minor  or  occasional  constituents  of  air. 

30.  What  is  the  proportion  by  weight  of  nitrogen  to  oxygen  in 
the  atmosphere? 

31.  Give  the  specific  gravity  of  nitrogen. 

32.  How  is  chlorine  prepared  ? 

33.  Enumerate  the  properties  of  chlorine. 

34.  Define  the  terms  deodorizer  and  disinfectant. 

35.  Explain  the  bleaching  effect  of  chlorine. 

36.  What  proportion  of  hydrogen  to  chlorine  is  necessary  for 
the  formation  of  hydrochloric  acid  gas  ? 

37.  State  the  prominent  chemical  and  physical  characters  of 
sulphur. 

38.  State  the  prominent  characters  of  carbon. 

39.  State  the  prominent  characters  of  iodine. 

40.  Give  the  derivations  of  the  names  of  some  of  the  elements. 

41.  What  are  the  symbols  of  oxygen,  hydrogen,  nitrogen, 
carbon,  chlorine,  iodine,  sulphur,  phosphorus  ? 


The  Leaenee  is  eecommended  to  eead  the  eollowh^o  paea- 
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THE  GENERAL  PHINCIPLES  O'F  CHEMICAL 
PHILOSOPHY. 


EEFiisriTiON-  OF  Chemical  Actioi^^. 

The  learner  may  now  proceed  to  study  the  manner  in  which 
substances  act  chemically  on  each  other.  Ey  acting  chemically 
it  will  be  obvious,  from  the  preceding  experiments,  that  what  is 
meant  is  so  affecting  each  other  that  the  substances  are  greatly 
altered  in  properties.  A  rnixture  of  oxygen  and  hydrogen  is  still 
a  gas ;  a  chemical  compound  of  oxygen  and  hydrogen  is  a  liquid, 
namely,  water :  here  is  a  great  alteration  in  leading  properties. 
Iodine  is  only  slightly  soluble  in  water,  and  forms  a  brown 
coloured  solution,  and  iron  is  insoluble  ;  but  when  iodine  and 
iron  are  chemically  combined  the  product  is  very  soluble  in  water, 
forming  a  light  green  solution  in  which  the  eye  can  detect 
neither  iodine  nor  iron,  and  which  is  utterly  unlike  iron  or  iodine 
in  any  one  of  their  properties.  Sand,  sugar,  and  butter  rubbed  to- 
gether form  a  mere  mixture,  from  which  water  would  extract  the 
sugar,  and  ether  dissolve  out  the  butter,  leaving  the  sand.  Tar- 
taric acid,  carbonate  of  sodium,  and  water  added  to  each  other 
form  a  chemical  compound  containing  neither  tartaric  acid  nor 
carbonate  of  sodium,  these  bodies  having  attacked  each  other  and 
formed  fresh  combinations.  These  illustrations  show  that  chemical 
action  is  distinguished  by  (ct)  producing  an  entire  change  of 
properties  in  bodies.  It  also  is  (b)  exerted  only  between  definite 
weights  and  volumes  of  matter.  This  {a  and  h)  cannot  be  said  of 
any  other  action — the  action  of  any  of  the  other  great  forces  of 
nature  (gravitation,  heat,  light,  electricity,  &c.) ;  hence  the 
statements  {a  and  h)  furnish  a  sharp  and  precise  definition  of 
chemical  action  or  the  chemical  force,  the  force  whose  manifesta- 
tions the  reader  of  this  book,  or  of  any  other  manual  of  chemistry, 
is  studying. 

Atoms. 

'  In  a  chemical  compound  what  has  become  of  its  constituents  ? 
Let  the  reader  place  before  him  specimens  of  sulphur,  iron,  and 
sulphide  of  iron ;  or  iodine,  iron,  solid  iodide  of  iron  and  its  solu- 
tion in  water  or  syrup  {Syrupus  Ferri  lodidi,  E.  P.).  In  the 
sulphide  of  iron  what  has  become  of  the  sulphur  and  of  the  iron 
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from  which  it  was  made  ?  The  mixture  of  sulphur  and  iron  in 
combining  to  form  sulphide  of  iron  has  not  lost  weight,  and,  in- 
deed, by  certain  processes  it  is  possible  to  recover  its  sulphur  as 
sulphur,  and  its  iron  as  iron ;  so  that  we  are  compelled  to  believe 
(we  cannot  avoid  the  conclusion)  that  sulphide  of  iron  contains 
particles  of  sulphur  and  of  iron.  But  how  small  must  be  those 
particles !  Eub  a  minute  fragment  to  dust  in  a  mortar  and 
place  a  trace  of  the  powder  under  the  highest  power  of  the  best 
microscope ;  no  yellow  particle  is  visible,  not  the  minutest  por- 
tions of  lustrous  metal,  but  dull  brown  miniature  fragments  of 
the  original  mass.  The  elementary  particles  of  sulphur  and  iron, 
or  of  the  elements  in  any  other  compound  (the  chlorine  and 
sodium  in  common  salt,  or  the  iodine  and  iron  in  solution  of  iodide 
of  iron),  are,  in  short,  too  small  to  be  seen.  Can  they  be  imagined  ? 
Again,  no  !  The  mind  cannot  conceive  of  a  particle  of  any  thing 
(sulphur,  iron,  sulphide  of  iron,  or  what  not)  so  small  but  what 
the'  next  instant  the  imagination  has  divided  it.  Yet  learner 
and  teacher  must  have  some  common  platform  on  which  to 
reason  and  converse.  The  difficulty  is  met  by  speaking  of  these 
inconceivably  small  particles  as  ato^ns  (arojios,  atomos,  indivisible  ; 
from  the  privative  a  and  re^j/w,  temnd,  to  cut — that  which  is 
not  cut,  or  divided),  an  expedient  suggested  by  our  countryman 
Dalton  at  the  commencement  of  the  present  century.  It  is  an 
expedient  not,  perhaps,  altogether  satisfactory,  but  is  the  only  one 
possible  to  the  majority  of  minds  in  the  present  state  of  know- 
ledge and  education.  We  cannot  speak  of  iodine  and  iron  uniting 
lump  to  lump,  as  two  bricks  are  cemented  together  or  blocks  of 
wood  glued  together,  for  such  is  not  the  kind  of  action.  We 
cannot  select  minute  fragments  of  each  to  regard  as  the  com- 
bining portions ;  for  the  minutest  fragment  we  could  obtain  is 
visible,  and  iodide  of  iron  contains  neither  visible  iodine  nor 
visible  iron.  And  yet  iodide  of  iron  contains  both  iodine  and 
iron,  or,  at  least,  a  given  weight  of  the  compound  is  obtained 
from  the  same  weight  of  constituents,  and  the  same  weight  of 
constituents  is  obtainable  from  an  equal  weight  of  the  compound. 
We  might  say  that  molecules  are  concerned  in  the  operation  ;  but 
molecules  means  little  masses  of — of  what !  there  is  positively 
no  word  left  with  which  to  carry  on  conversation  and  descrip- 
tion but  atoms.  Any  other  mode  of  treating  the  matter  is  too 
subjective  for  general  employment.  Moreover  any  difficulty  in 
forming  a  definite  conception  of  an^atom  is  met  by  regarding  an 
atom,  not  necessarily  as  something  which  cannot  be  divided,  but 
as     a  particle  of  matter  which  undergoes  no  further  division  in 
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chemical  metamorpJioses  "  (Kekule).  Even  physicists  regard  atoms 
from  much  the  same  point  of  view  ;  indeed  they  often  speak  of 
still  larger  portions  of  matter  (molecules)  as  atoms,  meaning 
thereby  something  which  is  not  divided  in  certain  cases  that  we 
are  considering  "  (Cliiford). 

The  Chemical  Foece. 

What  power  binds  the  atoms  of  a  chemical  compound  together 
in  such  marvellous  closeness  of  union  that  in  the  couple  or  group 
they  lose  all  individuality  ?  Clearly  an  attractive  force  of  enor- 
mous power,  a  force  remotely  resembling,  perhaps,  that  which 
attracts  a  piece  of  iron  to  a  magnet.  Only  by  such  an  assump- 
tion can  we  conceive  that  common  salt  contains  chlorine  and  a 
metal  (sodium),  or  that  wood  contains  carbon,  hydrogen,  and 
oxygen.  Were  not  this  force  thus  all-powerful  the  carbon  in 
wood  would  show  its  blackness  and  other  qualities,  and  the 
hydrogen  and  oxygen  give  indications  of  their  gaseous  and  other 
characters.  This  attractive  force  is  commonly  termed  the  che- 
mical force,  sometimes  chemical  affinity.  The  word  chemism  has 
also  been  proposed  for  it,  just  as  the  magnetic  force  is  termed 
magnetism,  but  has  not  been  generally  adopted. 

Molecules. 

A  single,  free,  uncombined  atom  cannot  exist  in  a  state  of 
isolation  for  any  appreciable  length  of  time.  For  we  must  regard 
an  atom  as  the  home  of  an  attractive  force  of  great  intensity,  and 
the  moment  it  is  liberated  from  a  state  of  combination  (hydrogen 
from  water  for  instance,  or  chlorine  from  salt)  finds  itself  in 
proximity  to  another  atom  having  similar  desires  for  union,  so  to 
speak ;  the  result  is  an  impetuous  rushing  together  and  formation 
of  either  couples,  trios,  or  groups,  according  to  the  nature  of  the 
atoms.  It  would  be  as  diilicult  to  conceive  of  separate  atoms  as 
to  imagine  that  a  strong  magnet  and  a  piece  of  steel  could  be 
suspended  close  to  each  other  without  being  drawn  together. 
These  pairs  and  other  groups  of  atoms  are  conveniently  desig- 
nated by  the  one  word  molecule,  the  diminutive  of  mole,  a  mass ; 
literally,  little  masses.  Dissimilar  kinds  of  atoms  seem  to  have 
greater  attraction  for  each  other  than  similar  kinds ;  for,  first, 
the  masses  of  matter  met  with  in  nature  in  the  great  majority 
of  cases  contain  two  or  more  dissimilar  elements ;  and,  secondly, 
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at  the  moment  certain  elements  are  liberated  from  their  combi- 
nation, they  are  far  more  active  towards  other  elements  than 
afterwards,  when  the  atoms  have  probably  united  to  form  mole- 
cules. 

Eecapitulatiok". 

It  is  desirable  that  the  learner  should  here  make  some  expe- 
riment which  will  serve  to  bring  again  under  notice  in  an  applied 
or  concrete  form  what  has  just  been  stated  respecting  the  sub- 
stances termed  chemical  compounds,  and  concerning  the  character 
of  that  chemical  force  which  resides  in  the  atoms  of  molecules. 
The  following  will  usefully  serve  this  purpose ;  it  is  the  process 
for  detecting  a  trace  of  sulphurous  acid  in  common  liquid  hydro- 
chloric acid. 

As  already  proved,  hydrogen  gas  and  chlorine  gas,  when  united, 
form  hydrochloric  acid  gas  :  the  latter  dissolved  in  water  is  the 
ordinary  liquid  of  the  shops  termed  Hydrochloric  Acid,  the  Aci- 
dum  Hydrochloricum  of  Pharmacopoeias.  Commercial  samples 
of  this  liquid  not  unfrequently  contain  as  an  impurity  a  trace 
of  sulphurous  acid  gas,  a  body  also  already  mentioned  and  ex- 
perimentally prepared — a  trace  too  small  to  be  detected  by  its 
odour.  Obtain  a  specimen  of  common  liquid  hydrochloric  acid 
containing  as  an  impurity  a  trace  of  sulphurous  acid,  or  adopt 
the  more  simple  course  of  purposely  adding  a  few  drops  of  aque- 
ous solution  of  sulphurous  acid  (Acidum  Sulphurosum  *,  E.  P.) 
to  some  hydrochloric  acid.  (If  no  sulphurous  acid  is  at  hand, 
the  object  may  be  accomplished  by  pouring  a  quarter  or  half  an 
ounce  of  liquid  hydrochloric  acid  into  a  wide-mouthed  bottle, 
then  burning  a  fragment  of  sulphur  on  a  wire  or  strip  of  wood 
inside  the  bottle  for  a  few  seconds,  and  shaking  the  gas  and 
liquid  together.)  Pour  some  of  the  impure  liquid  hydrochloric 
acid  into  a  test-tube,  add  about  an  equal  bulk  of  water,  and  then 
drop  in  some  fragments  of  the  metal  zinc.  Effervescence  will 
occur,  due  to  the  escape  of  inodorous  hydrogen  gas,  together  with 

*  These  aqueous  solutions  of  acids  are  generally,  for  the  sake  of  brevity, 
simply  termed  acids. 
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a  small  quantity  of  a  badly-smelling  gas  termed  sulphuretted 
hydrogen  gas.  Bring  the  mouth  of  the  tube  under  the  nose ; 
the  presence  of  sulphuretted  hydrogen  will  at  once  be  recognized. 

The  hydrochloric  acid  has  now  been  tested  for  sulphurous  acid. 
If  the  experiment  be  performed  on  any  commercial  specimen  of 
the  acid,  and  a  smell  of  sulphuretted  hydrogen  be  observed,  the 
operator  would  at  once  be  able  to  state  that  the  specimen  con- 
tains sulphurous  acid  as  an  impurity. 

The  true  explanation — using  Ealton's  theory  of  the  atomic 
constitution  of  matter — the  explanation  of  what  occurs  in  the 
successive  steps  of  the  foregoing  experiment  is  as  follows  : — 

Hydrochloric  acid  is  a  chemical  compound  of  hydrogen  and 
chlorine.  That  it  is  a  chemical  compound,  and  not  a  mere  me- 
chanical mixture  of  hydrogen  and  chlorine,  is  shown  by  the  fact 
that  its  properties  are  altogether  different  from  the  properties  of 
its  constituents.  The  attractive  power  or  cJiemiccd  force  resident 
in  the  atoms  of  chlorine  and  of  hydrogen  has  caused  them  to 
combine  in  the  closest  manner  imaginable  and  form  pairs  of 
atoms  or  molecules  of  the  chemical  compound — hydrochloric  acid. 
Zinc  being  introduced  into  the  acid,  and  the  atoms  of  zinc  and 
chlorine  having  even  still  greater  attraction  for  each  other  than 
the  hydrogen  for  the  chlorine,  the  zinc  and  chlorine  atoms  com- 
bine and  form  a  new  molecule  (termed  chloride  of  zinc)  which 
remains  in  the  liquid,  while  the  hydrogen  atoms,  having  the 
atoms  of  no  other  element  to  combine  with,  if  the  acid  is  pure, 
unite  to  form  pairs,  or  molecules  of  hydrogen,  and  in  that  state 
escape  from  the  vessel.  If  the  acid  be  impure  from  the  presence 
of  sulphurous  acid  (sulphurous  acid  gas,  it  will  be  remembered, 
is  a  compound  of  sulphur  and  oxygen),  some  of  the  hydrogen 
atoms,  at  the  moment  of  birth,  their  nascent  state  (from  nascor, 
to  be  born),  finding  the  atoms  of  other  elements  present,  namely, 
the  atoms  of  sulphur  and  oxygen  of  the  sulphurous  acid,  combine 
by  preference  with  these  atoms  and  form  new  molecules,  the 
sulphur  and  hydrogen  forming  sulphuretted  hydrogen,  and  the 
oxygen  and  hydrogen  producing  water — the  former  escapes  with 
the  great  bulk  of  the  hydrogen,  while  the  water  remains  with 
the  water  already  in  the  vessel. 

Conditions  and  natuee  op  the  manieestation  oe  the  Chemical 

POKCE. 

The  exertion  of  chemical  affinity  is  only  possible  when  sub- 
stances are  in  close  contact.    Thus  it  was  necessary  to  bring  the 
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oxygen,  hydrogen,  phosphorus,  chlorine,  sulphur,  carbon,  iodine, 
and  iron  into  intimate  contact,  in  the  respective  experiments 
with  those  elements,  before  the  various  reactions  occurred.  The 
exact  nature  of  these  actions,  as  indeed  of  all  in  which  substances 
act  chemically,  would  seem  to  be  an  interchange,  most  generally 
a  mutual  one,  of  the  atoms  of  which  the  molecules  consist— a 
change  of  partners,  so  to  speak.  Thus  in  the  experiment  in 
Avhich  hydrogen  and  chlorine  gases  united  to  form  hydrochloric 
acid  gas,  a  pair  of  atoms  in  a  hydrogen  molecule  and  a  pair  of 
atoms  in  a  chlorine  molecule,  finding  themselves  opposite  to  each 
other,  changed  places,  the  atoms  of  each  of  the  old  molecules 
nnlinking,  so  to  say,  and  pairing  off  in  fresh  couples — as  two 
brothers  who  for  many  years  have  been  close  companions,  and 
two  sisters  similarly  united,  thrown  freshly  into  each  other's 
society  soon  accept  new  and  still  more  congenial  companionship. 

f  Hydrogen  1  j  Chlorine  1  be-  f  Hydrogen  j  f  Hydrogen 
\  Hydrogen  J        \  Chlorine  J  come  \  Chiorme   J        \  Chlorine. 

Or,  using  the  symbols  of  these  elements  instead  of  the  full  names, 

H  H  and  CI  CI  become  H  CI  and  H  CI. 

Still  further  economizing  space  and  trouble,  the  same  statement 
may  be  made  in  the  following  form : — 

H,  and  CI,  become  2HC1. 

Once  more,  by  using  the  plus  sign  (  +  )  instead  of  the  words 
^'  and"  or  added  to,"  and  the  sign  or  symbol  =  or  equal  instead 
of  the  words  ^'  become  "  or  "  are  equal  to,"  we  reach  the  shortest 
method  of  expressing  this  chemical  action  : — 

H,+C1,=2HC1. 

This  is  the  form  in  which  such  an  action  may  be  expressed  in 
the  student's  note-book.  It  is  the  shortest  and  most  convenient 
form,  and  is  instructive  and  suggestive  to  the  mind. 

Chemical  Notatioit. 

We  have  thus  gradually  arrived  at  a  spot  in  the  path  of  che- 
mical philosophy  at  which  we  must  halt  to  more  fully  discuss 
the  usual  method  of  recording  chemical  travels.  We  have  arrived 
at  the  subject  of  chemical  notation  (from  noto,  I  mark),  the  art 
or  practice  of  recording  chemical  facts  by  short  marks,  letters, 

c  5 
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numbers,  or  other  signs.  Already  the  first  capital  letter,  or  the 
first  and  one  of  the  following  small  letters  of  the  Latin  names  of 
the  elements  have  been  employed  as  contractions,  or  short-hand 
expressions,  or  symbols  of  the  whole  name.  Thus  H  has  been 
used  for  the  word  ^'  hydrogen/'  and  CI  for  chlorine."  A  second 
function  of  such  a  symbol  is  that  of  indicating  one  atom.  Thus 
H  stands  not  only  for  the  word  or  substance  "  hydrogen,*'  but  for 
one  atom  of  hydrogen.  Large  and  small  figures  (2  or  ^  indicate 
a  corresponding  number  of  atoms,  the  small  figure  only  multi- 
plying the  one  particular  symbol  to  which  it  is  attached,  while  a 
larger  figure  multiplies  all  the  symbols  it  precedes.  Thus 
means  two  atoms  of  hydrogen,  and  Cl^  two  atoms  of  chlorine  ; 
while  2HC1  means  two  atoms  of  hydrogen  and  two  atoms  of 
chlorine,  or,  in  one  word,  two  molecules  of  hydrochloric  acid  gas. 
A  third  function  of  such  a  symbol  as  H  or  CI  is  that  of  indicating 
one  volume  of  the  element  in  the  gaseous  state.  Thus  H,  CI, 
or  0,  stand,  first,  for  the  substances  named  hydrogen,  chlorine, 
and  oxygen ;  secondly,  for  single  atoms  of  hydrogen,  chlorine, 
and  oxygen ;  thirdly,  they  represent  single  and  equal  volumes 
of  chlorine,  hydrogen,  and  oxygen.  •  It  will  be  remembered  that 
one  test-tubeful  of  hydrogen  and  an  equal  sized  test-tubeful 
of  chlorine  were  employed,  in  a  previous  experiment,  in  forming 
hydrochloric  acid  gas,  HCl. 

The  position  of  symbols  counts  for  something.  Thus  HCl  indi- 
cates not  only  the  substances  hydrogen  and  chlorine,  single  atoms 
of  each  of  the  substances,  and  equal  volumes  of  each,  but  also 
that  the  two  substances  are  joined  together  by  the  chemical  force. 
If  the  two  letters  were  placed  one  under  the  other,  or  at  some 
distance  apart,  or  were  separated  by  a  comma  or  a  plus  sign  (-{-)? 
they  would  be  understood  to  mean  a  mere  mixture  of  the  ele- 
ments ;  but  placed  as  close  as  the  printer's  types  will  conveni- 
ently and  consistently  allow,  they  must  be  considered  to  stand 
for  a  compound  of  the  elements,  that  is  to  say,  hydrochloric  acid 
gas  (HCl).  The  collection  of  symbols  representing  a  molecule  is 
termed  a  formula.  H^,  Cl^,  and  HCl  are  the  formulce  of  hydrogen, 
chlorine,  and  hydrochloric  acid  gas. 

H,     CI,  =  2HC1 

Such  a  set  of  letters,  figures,  and  marks  as  that  on  the  above 
line  is  collectively  termed  an  equation,  because  it  indicates  the 
equality  of  the  number  and  nature  of  the  atoms  before  and  after 
chemical  action.  On  the  left-hand  of  the  sign  of  equality  (  =  ) 
are  shown  two  molecules,  and  on  the  right-hand  two  molecules ; 
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but,  of  the  molecules  on  the  left,  one  contains  two  atoms  of 
hydrogen  and  the  other  two  atoms  of  chlorine,  while  of  the 
molecules  on  the  right  each  contains  one  atom  of  hydrogen  and 
one  of  chlorine.  The  equation  forms  a  short  and  convenient  plan 
of  recording  the  facts  of  experiment. 

Instead  of  an  equation,  a  diagram  may  be  employed  to  exhibit 
the  same  facts.    Thus  : — 


CO]S[STITUTION  OF  MATTEE. 
Relations  of  Gases,  Liquids,  aitd  Solids. 

The  molecules  of  a  gas  are  not  close  together,  for  a  quantity 
of  gas  may  be  compressed  with  very  little  force  to  half  or  one 
fourth  its  bulk — in  short  to  such  an  extent  that  in  many  cases  the 
molecules  sufficiently  approximate  to  form  a  liquid.  In  a  liquid 
the  molecules  are  still  free  to  glide  about  with  ease  amongst 
each  other ;  and  though  in  solids  they  exhibit  less  mobility,  still 
even  solids  may  be  compressed  by  powerful  pressure,  so  that 
probably  in  no  instance  are  molecules  in  absolute  contact. 
(Moreover  from  recent  researches  there  would  seem  to  be  no  sharp 
lines  of  demarcation  between  the  gaseous,  liquid,  and  solid  condi- 
tions of  substances.)  One's  mental  picture  of  the  relative  position 
of  the  molecules  of  gaseous,  vaporous,  liquid,  or  solid  matter  must 
be  the  picture  of  particles  of  dust  in  the  air  of  a  room,  or  such  a 
relation  to  each  other  as  that  of  the  planets  and  stars  suspended 
in  space.  There  is  abundant  experimental  evidence  to  warrant 
such  a  conception.  A  clear,  transparent  fluid  appears  perfectly 
homogeneous,  but  is  not  so.  Its  particles  are  not  in  contact. 
Every  one  who  has  mixed  5  pints  of  rectified  spirit  with  3  pints 
of  water  knows  that  the  100  fluid  ounces  of  spirit  and  60  fluid 
ounces  of  water  do  not  when  mixed  give  160  ounces  of  proof 
spirit  but  only  156  ounces ;  the  molecules  of  the  liquids  have 
gone  closer  together,  having  probably  a  little  attraction  for  each 
other.    Why  a  gas  under  pressure  should  immediately  return  to 
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its  original  bulk  when  the  pressure  is  removed,  while  a  liquefied 
or  solidified  gas  only  slowly  resumes  the  gaseous  or  vaporous 
state,  is  a  question  which  requires  for  discussion  a  knowledge  of 
the  nature  of  forces  other  than  the  chemical :  here  chemistry 
joins  the  domain  of  physics. 

It  is  necessary,  however,  to  state  something  more  about  the 
condition  of  the  molecules  of  a  gas  in  order  that  the  learner  may 
be  prepared  for  the  fact,  that  mixtures  of  certain  gaseous  elements, 
in  combining  to  form  gaseous  compounds,  diminish  considerably 
in  volume.  Thus  while  a  pint  of  hydrogen  and  a  pint  of  chlorine 
give  a  quart  of  hydrochloric  acid  gas,  two  pints  of  hydrogen  and 
one  of  oxygen  are  necessary  to  produce  a  quart  of  gaseous  water 
(steam).  It  will  be  remembered  that  two  volumes  of  hydrogen 
and  one  of  oxygen  were  necessary  in  a  previous  experiment  in 
which  water  was  formed.  Kow,  that  a  pint  of  hydrogen  gas  and 
a  pint  of  chlorine  gas  should,  after  chemical  reaction  or  rearrange- 
ment of  the  atoms  of  the  molecules  has  taken  place,  form  two 
pints  of  hydrochloric  acid  gas,  is  quite  what  we  should  expect. 
For,  first,  the  reader,  by  this  time,  is  not  astonished  that  chemical 
combination  is  attended  by  entire  change  of  properties ;  and, 
secondly,  the  experience  of  years  has  led  him  to  expect  that  a 
pint  of  one  thing  added  to  a  pint  of  another  gives  two  pints  of 
the  mixture.  Eut  that  two  pints  of  hydrogen  and  one  pint  of 
oxygen  should,  after  combination  (and  under  like  conditions  of 
temperature  and  pressure),  give,  not  three,  but  two  pints  of  pro- 
duct (steam)  is  perhaps  somewhat  astonishing  and  needs  expla- 
nation. To  this  end  let  us  picture  a  few  of  the  molecules  of 
hydrogen  and  as  many  molecules  of  chlorine.  Draw  with  a 
pencil  on  paper  several  pairs  of  crosses  ( +  H-  )  to  represent  hy- 
drogen molecules  and  circles  (o  o)  for  chlorine  molecules,  or,  if 
coloured  ink  is  at  hand,  red  pairs  of  dots  for  hydrogen  and  green 
for  chlorine.  Or,  at  once,  for  facility  in  printing,  let  the  follow- 
ing pairs  of  letters  li  li  represent  a  few  (say,  nine)  molecules  of 
hydrogen,  and  c  c  molecules  (nine)  of  chlorine — before  combination. 

hh  Jill  lili  CG  cc  cc 
111  I  hh  hh  cc  cc  cc 
hh       hh       hh       cc       cc  cc 

Then,  ^fter  combination,  we  shall  have  eighteen  molecules  of 
hydrochloric  acid  gas  : — 

he  he  he  he  he  he 
he  he  he  he  he  he 
he       he       he       he       he  he 
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But  when  two  volumes  of  hydrogen  and  one  of  oxygen  com- 
bine and  give  two  volumes  of  steam,  the  mental  picture  must  be 
not  that  of  molecules  somewhat  nearer  to  each  other  than  before, 
nor  any  difference  in  the  size  of  the  molecules,  but  a  picture  of 
molecules  containing  three  instead  of  two  atoms — thus,  still 
using  pairs  of  letters,  just  for  the  moment,  to  represent  a  few 
(the  space  will  allow  only  twenty-seven)  molecules  : — 

hJi  hh  hh  Till  Jili  Jih  oo  oo  oo 
hJi  hh  hh  hh  hh  hh  o  o  o  o  o  o 
hh       hh       hh       hh       hh       hh        oo        oo  oo 

The  twenty-seven  molecules  (eighteen  hydrogen,  nine  oxygen) 
will,  after  combination,  become  eighteen  molecules  of  steam : — 

hoh  hoh  hoh  hoh  hoh  hoh 
hoh  hoh  hoh  hoh  hoh  hoh 
hoh      hoh      hoh      hoh      hoh  hoh 

Just  as  a  number  of  solar  systems  in  the  universe  may  be 
equally  distant  from  each  other  and  each  occupy  a  similar  space, 
yet  one  system  contain  a  sun  and  one  planet,  another  a  sun  and 
two  planets,  and  so  on,  or  even  one  or  more  of  the  planets  have  one 
or  more  moons.  Indeed  the  atoms  in  some  very  complex  mole- 
cules appear  to  have  very  much  the  relation  to  each  other  of  the 
sun,  planets,  and  moons  of  a  solar  system.  To  indicate  such 
molecules  by  letters  as  above  would  of  course  require  more  space 
than  is  there  given  to  the  assumed  pictures  of  molecules.  For 
an  amusing  and  philosophical  picture  of  a  complex  molecule,  the 
reader  is  referred  to  a  pamphlet  by  Professor  Clifford  entitled 
"  Atoms,"  by  which  he  means  physical  atoms,  or  what  chemists 
call  molecules  :  it  is  published  by  E.  Pitman,  Paternoster  Eow, 
London,  and  its  price  is  one  penny. 

Here  occurs  an  opportunity  that  must  not  be  lost  of  stating  a 
mode  of  reasoning  by  which  a  molecule  of  oxygen  (or  of  many 
other  elements)  is  shown  to  be  a  double  structure — shown  to 
contain  two  atoms.  Five  equal-sized  bottles  are  before  us,  two 
filled  with  hydrogen,  one  with  oxygen,  and  two  with  steam. 
(The  bottles  are  hot  enough  to  prevent  the  steam  condensing  to 
water,  and  all  five  are  at  the  same  temperature.)  Apply  heat  so 
that  all  sball  be  equally  heated,  the  three  different  substances  ex- 
pand  equally.  Cool  equally,  the  contents  contract  equally.  Apply 
equal  pressure  to  all  five,  each  is  equally  affected.  Diminish 
pressure  equally,  each  portion  of  the  three  suhstcmces  equally  ex- 
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j)ands.  Gases  (practically  steam  is  a  gas,  it  is  simply  not  a 
permanent  gas) — gases  thus  similarly  affected  must  be,  physically, 
similarly  constructed  or  constituted  (a  law  which  will  again  be 
referred  to,  on  page  47) ;  each  bottle  must  contain  the  same 
number  of  particles  or  molecules,  and  at  any  one  temperature 
and  pressure  the  molecules  in  each  must  be  equally  distant  from 
each  other.  We  do  not  know  what  actual  number  or  distance, 
but  whatever  be  the  number  and  distance  it  is  the  same  for  each 
bottle.  Say  that  one  million  is  the  number,  then  we  shall  have 
a  million  of  molecules  in  the  first  hydrogen  bottle,  a  million  in 
the  second,  a  million  in  the  oxygen  bottle,  and  a  million  in  each 
of  the  steam  bottles.  We  will  cause  chemical  combination 
between  the  two  millions  of  hydrogen  molecules  and  one  million 
of  oxygen  molecules,  producing  (as  we  have  seen)  two  millions 
of  steam  molecules,  having  the  properties  already  stated.  But  a 
molecule  of  steam  contains  an  atom  of  oxygen.  Hence  two 
millions  of  steam  molecules  contain  two  millions  of  oxygen  atoms, 
which  two  millions  of  oxygen  atoms  have  been  obtained  from  one 
million  of  oxygen  molecules.  Therefore  each  molecule  of  oxygen 
was  a  double  structure — each  molecule  of  oxygen  contained  two 
atoms  of  oxygen.  As  Clifford  says,  you  cannot  put  50  horses 
into  100  stables,  so  that  there  shall  be  exactly  the  same  amount 
of  horse  in  each  stable ;  but  you  can  divide  50  paii^s  of  horses 
among  100  stables." 

Thus  much  respecting  the  constitution  of  gaseous  or  vaporous 
matter.  Our  knowledge  of  the  constitution  of  liquid  and  solid 
matter  is  still  more  limited. 

With  regard  to  the  notation  of  the  subject,  it  will  be  sufficient 
to  state  here  that  a  symbol  usefully  represents  one  volume  of  any 
gas,  a  formula  of  any  gas  or  vapour  represents  tivo  volumes.  By 
remembering  this  general  rule  we  may,  by  looking  at  a  formula, 
tell  how  many  volumes  of  constituents  were  concerned  in  the 
formation  of  a  compound,  and  therefore  what  amount  of  conden- 
sation, if  any,  occurred  during  the  act  of  formation.  By  thus 
reading  and  interpreting  the  formula  for  water,  H^O,  we  see  that 
two  volumes  of  steam  (at  any  temperature)  may  be  obtained 
from  two  volumes  of  hydrogen  and  one  volume  of  oxygen  (at  the 
same  temperature),  and  thus  that  the  extent  of  condensation 
when  hydrogen  and  oxygen  (at  a  stated  temperature)  unite  to 
form  gaseous  water  (at  the  same  temperature)  is  from  three  to 
two.  This  subject  will  again  be  treated  of  in  connexion  with 
those  of  Chemical  Combination  and  Specific  Gravity  of  Gases. 
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Further  Remarks  oin  General  Chemical  Notaiioj^. 

We  may  now  take  an  experiment  already  made  as  an  addi- 
tional example  of  chemical  action,  and  describe  the  simplest 
way  of  expressing  the  same  by  notation.  When  two  volumes  of 
hydrogen  and  one  of  oxygen  were  caused  to  combine,  the  pro- 
duction of  flame  and  noise  proved  that  chemical  action  of  some 
kind  had  taken  place ;  had  the  experiment  been  performed  in 
dry  vessels,  evidence  of  the  precise  action  would  have  been  found 
in  the  bedewment  or  moisture  produced  by  the  condensation  of 
the  water  on  the  sides  of  the  tube.  Similar  evidence  was  afforded 
on  holding  a  cool  glass  surface  over  the  hydrogen-flame.  The 
action  is  expressed  in  the  following  equation : — 

Instead  of  an  equation,  the  following  diagram  may  be  em- 
ployed : — 


The  foregoing  aggregation  of  symbols  or  short-hand  characters, 
or  formula,  H^O,  is,  then,  a  convenient  picture  of  the  facts  that 
have  already  come  before  us,  viz.  that  water  is  formed  of  the 
elements  hydrogen,  H,  and  oxygen,  0 ;  moreover,  that  it  is 
formed  of  two  measures  or  volumes  of  hydrogen,  H^,  to  one  of 
oxygen,  0 ;  and,  thirdly,  that  the  molecule  of  water  (Ho^^)  is 
formed  of  two  atoms  of  hydrogen  (H^)  and  one  of  oxygen  (0). 
The  formula  also  fulfils  the  fourth  function  of  indicating  that 
the  two  volumes  of  hydrogen  and  one  of  oxygen  in  combining 
condensed  to  two  volumes  of  steam.  That  the  resulting  bulk  of 
steam  afterwards  shrunk  most  considerably  in  condensing  to 
water  is  another  matter  altogether,  a  physical  and  not  a  chemical 
result,  and  due  to  the  approximation  of  the  molecules  of  water 
after  formation. 

Another  experiment  already  performed,  illustrating  the  cha- 
racter of  the  manifestations  of  chemical  force  (symbolically  noted 
as  follows),  was  that  in  which  the  red-hot  carbon  of  wood  was 
plunged  into  oxygen.    The  evidence  of  chemical  action  in  that 
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case  was  the  sudden  inflammation  of  the  carbonaceous  extremity 
of  the  wood.  The  particles  of  carbon  and  oxygen  having  intense 
attraction  or  affinity  for  each  other  at  that  temperature,  rushed 
together  so  impetuously  as  suddenly  to  produce  a  large  additional 
quantity  of  heat,  an  amount  sufficient  to  cause  the  particles  to 
emit  an  intense  white  light.  The  action  between  carbon  and 
oxygen  is  expressed  on  paper  in  either  of  the  following  ways : — 

C,+20,=2C0,. 


is  the  formula  of  the  well-known  gaseous  body  commonly 
termed  carbonic  acid  gas. 

The  reader  should  here  draw  for  himself  equations  or  diagrams 
similar  to  those  on  pages  35,  39,  40,  and  thus  show  the  formation 
of  the  three  other  bodies  he  has  already  produced — namely,  phos- 
phoric anhydride  (P^O.),  sulphurous  acid  gas  (SO^),  and  iodide 
of  iron  (Fe  T^),  submitting  the  same,  if  possible,  to  a  tutor  or 
other  authority  to  assure  himself  of  their  correctness. 

Wote. — In  the  foregoing  experiments  several  illustrations  occur 
of  the  formation  of  compounds  having  the  gaseous,  liquid,  and 
solid  conditions,  in  one  of  which  three  forms  all  matter  in  the 
universe  exists. 

Laws  op  Chemical  Combiitatioit  (by  Weight). 

Chemistry  as  a  science  is  little  more  than  a  hundred  years 
old,  though  very  many  of  the  facts  and  operations  we  now  term 
chemical  have  been  known  as  isolated  items  of  knowledge  for 
centuries.  Thus  the  ancient  Egyptians  made  glass,  vitriol,  soap, 
and  vinegar ;  and  the  Greeks  started  the  idea  that  matter  was 
composed  of  a  few  elements,  imagining  earth,  air,  fire,  and  water 
to  be  elements.  But  the  great  general  principles  which  interlace 
and  bind  together  separate  facts,  those  which  from  their  exten- 
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sive  application  and  importance  are  denominated  laws,  have  all 
been  brought  to  light  since  the  year  1770. 

First  Laiu  relating  to  Chemical  Combinations. 

Between  1785  and  1800,  Bryan  Higgins,  William  Higgins, 
Wenzel,  Richter,  and  Proust,  made  analyses  and  researches  which 
led  up  to  the  following  generalization  : — When  compounds  unite 
to  form  definite  chemical  substances.,  they  always  combine  in  the 
same  proportions.  The  curious  character  of  this  fact  could  but 
be  most  striking,  and  indeed  is  so  now,  to  the  mind  receiving  it 
for  the  first  time.  Thus  water  (a  compound)  added  to  quicklime 
(a  compound)  gives  slaked  lime,  a  perfectly  definite  chemical 
substance.  But  whereas  sand  and  water,  sugar  and  water,  sand 
and  sugar,  and  such  mixtures  may  be  obtained  by  adding  together 
the  ingredients  in  any  proportions  whatever,  say,  90  of  sugar  and 
10  of  sand,  or  10  of  sugar  and  90  of  sand,  slaked  lime  (say  100 
parts)  invariably  results  from  the  combination  of  75|  of  quick- 
lime and  24^  of  water.  If  a  larger  proportion  than  75|  per  cent, 
of  quicklime  be  employed,  the  excess  remains  as  quicklime  mixed 
with  the  slaked  lime  ;  and  if  more  than  24^  per  cent,  of  water 
be  used,  an  excess  of  water  remains  with  the  slaked  lime  and 
evaporates  if  the  mixture  be  exposed  to  the  air.  Dalton  dis- 
covered that  when  elements  unite  to  form  a  definite  substance, 
they,  like  compounds,  always  combine  in  the  same  proportions ; 
and  he  was  the  first  to  set  forth  the  law  in  a  manner  which  was 
at  once  clear  and  comprehensive  enough  to  include  the  former 
generalization.    Thus : — 

A  definite  compound  always  contains  the  same  elements  in  the 
same  proportions. 

Take  another  example.  Common  salt  always  contains  39^  per 
cent,  of  the  metal  sodium  to  60|-  of  chlorine,  and  water  always 
89  of  oxygen  to  11  per  cent,  of  hydrogen  (more  exactly  88*89  to 
11*11).  As  with  the  quicklime  and  water,  so  with  the  chlorine 
and  sodium,  and  the  constituents  of  many  (not  all)  chemical  com- 
pounds ;  in  such  cases  if  either  be  added  to  the  other  in  any 
quantity  beyond  stated  proportions,  the  excess  plays  no  part 
whatever  in  the  act  of  combination.  (In  some  cases,  as  will  be 
seen  directly,  excess  of  either  plays  a  very  simple  but  very  re- 
markable part.)  In  short,  whether  a  compound  be  made  directly 
from  its  elements,  or  by  the  combination  of  other  compounds,  or 
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indirectly  as  one  of  two  products  of  the  action  of  substances 
chemically  on  each  other,  whatever  he  its  origin,  if  it  is  a  defi- 
nite compound  it  always  contains  the  same  elements  in  the  same 
proportions. 

Second  Law  relating  to  Chemical  Comhination, 

Dalton  further  made  such  experimental  researches  as  enabled 
him  to  lay  down  a  second  great  law.  He  found  that  while  many 
substances  only  united  chemically  in  one  proportion,  others  com- 
bined in  two  or  even  more  ;  and  he  studied  several  such  naturally 
related  bodies.  He  found  that  while  carbonic  oxide  (a  gas 
formed  when  charcoal  is  burned  with  an  insufficient  supply  of 
air)  contains  such  a  proportionate  weight  of  carbon  and  oxygen  as 
is  represented  by  (to  use  the  simplest  figures)  3  and  4,  carbonic 
acid  (a  gas  formed  when  charcoal  is  burned  with  excess  of  air) 
contains  3  of  carbon  to  exactly  twice  4  of  oxygen.  He  proved 
that  a  similar  relation  existed  between  two  compounds  of  carbon 
and  hydrogen,  and  between  a  cluster  of  compounds  of  nitrogen 
and  oxygen.  The  first  of  the  latter,  to  a  given  quantity  of  nitro- 
gen, contains  a  certain  proportion  of  oxygen ;  the  next,  to  the 
same  quantity  of  nitrogen,  had  twice  the  proportion  of  oxygen ; 
and  the  others  have  respectively  three,  four,  and  five  times  as 
much  oxygen  as  the  first,  the  quantity  of  nitrogen  remaining  the 
same  throughout.    Dalton  thus  generalized  these  facts  : — 

When  tivo  elements  unite  in  more  than  one  proportion,  the  re- 
sulting compounds  contain,  to  a  constant  proportion  of  one  element, 
simple  midtiple  proportions  of  the  other — or  the  weights  of  the  con- 
stituent  elements  hear  some  similar  simple  relation  to  each  other. 

Thus  carbonic  oxide  gas  is  a  definite  compound  always  con- 
taining fixed  proportions  of  carbon  and  oxygen,  and  carbonic 
acid  gas  also  a  definite  compound  always  containing  fixed  pro- 
portions of  carbon  and  oxygen.  Both  thus  obey  the  first  law  of 
combination.  But  whereas  carbonic  oxide  contains,  or  may  be 
made  from,  30  parts  (ounces,  grains,  or  other  weights)  of  carbon 
and  40  of  oxygen,  carbonic  acid  contains,  or  may  be  made  from, 
30  parts  of  carbon  and  exactly  twice  40  of  oxygen. 

This  second  law  cannot  but  be  as  striking  as  the  first  when 
freshly  unveiled  to  the  mind.  Sand  and  sugar,  or  any  substances 
which  do  not  act  chemically  on  each  other,  may  be  mixed  in  the 
proportions  of  30  to  40,  30  to  80,  30  to  60,  or  any  other  quan- 
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titles ;  but  if  an  attempt  be  made  to  burn  30  parts  of  carbon  in 
60  of  oxygen,  the  elements  will  themselves  naturally  assert  their 
own  special  combining  powers,  and  refuse,  so  to  say,  to  unite  in 
these  proportions  :  the  30  of  carbon  will  first  combine  with  40  of 
oxygen  and  form  70  of  carbonic  oxide ;  and  this  gas,  which,  had 
it  the  opportunity,  would  combine  with  40  more  of  oxygen  and 
form  carbonic  acid  gas,  finding  only  half  that  quantity,  namely 
20  of  oxygen,  present,  contents  itself  by  one  half  (that  is  35 
of  carbonic  oxide)  accepting  the  20  of  oxygen  and  becoming- 
carbonic  acid  gas,  while  the  other  half  remains  as  carbonic  oxide. 
This  is  a  most  wonderful  fact.  Again,  if  30  parts  of  carbon  be 
burnt  in  more  than  80,  say  85,  of  oxygen,  only  80  will  be  used, 
the  other  5  remaining  as  oxygen  merely  mixed  with  the  result- 
ing carbonic  acid  gas.  If  we  attempt  to  burn  30  parts  of  carbon 
in  less  than  40  of  oxygen,  the  oxygen  will  take  up  three  fourths 
its  weight  of  carbon  and  form  carbonic  oxide,  while  the  excess 
of  carbon  will  remain  as  carbon. 

Eecapitulation. 

I^'ature  does  not  always  permit  man  to  mix  things  in  any  pro- 
portions he  pleases.  She  does  sometimes.  She  does  if  he  only 
stirs  things  together,  or  if  he  only  uses  the  attractions  of  adhe- 
sion or  cohesion  in  binding  the  materials  together  ;  but  if  he  em- 
ploys chemical  attraction,  she  restricts  him  to  special  proportions. 
That  is  to  say,  if  the  things  mixed  do  not  attack  one  another  or 
intimately  combine,  then  admixture  may  be  effected  in  any  pro- 
portion ;  and  the  mixture  is  a  mere  mixture  having  the  mean 
properties  of  its  components.  Examples  of  such  mixtures  are 
seen  in  compound  plasters,  pill-masses,  confections,  and  plum- 
puddings.  But  if  the  things  do  unite  to  form,  not  a  mere  mixture 
having  the  mean  properties  of  its  components,  but  a  compound 
having  new  and  distinct  and  definite  characters  of  its  own,  then 
nature  does  not  permit  man  to  mix  the  things  in  any  proportion 
he  pleases.  The  proportion  is  one  fixed  and  constant ;  and  if  he 
substitutes  proportions  of  his  own,  the  things  unite  in  the  pro  - 
portions  fixed  by  nature,  and  the  excess  he  has  added  either  re- 
mains in  its  original  uncombined  condition,  or  it  combines  with 
the  compound  already  produced  to  form  a  second  different  com- 
pound. Any  one  compound,  that  is,  the  same  compound,  always 
contains  the  same  elements  in  the  same  proportions,  and  can  only 
be  made  from  the  same  elements  in  the  same  proportions.  An 
attempt  to  mix  the  same  elements  in  other  proportions  would 
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result  in  one  of  two  failures,  namely,  either  the  extra  proportion 
would  remain  free  and  uncombined,  or  it  would  combine  and 
convert  the  first  compound,  or  a  portion  of  it,  into  a  clifferent 
compound.  The  fresh  compound  thus  produced,  like  the  first, 
and  indeed  like  all  definite  compounds,  of  course  always  contains 
the  same  elements  in  the  same  proportions. 

In  short  (law  1),  any  definite  compound  always  contains  the  same 
elements  in  the  same  proportions,  and  (law  2)  any  two  elements 
uniting  in  more  than  one  proportion  unite  in  multiples  of  that 
proportion  and  produce  so  many  different  definite  compounds. 
Taking  hydrogen  as  uniting  in  proportions  of  1,  oxygen  unites 
in  proportions  of  16 — that  is  16,  twice  16,  thrice  16,  and  so  on, 
never  in  intermediate  proportions.  Carbon  unites  in  proportions 
of  12,  sulphur  of  32,  chlorine  35  J.  And  every  other  element  has 
its  combining  proportion  fixed  by  nature. 

The  student  of  chemistry  is  recommended  to  accept  these  two 
great  natural  facts,  great  enough  to  be  dignified  by  the  name  of 
laws,  in  all  their  inherent  solidity  and  simplicity. 

Third  Law  relating  to  Chemical  Comhination, 

Careful  consideration  of  the  foregoing  two  great  laws  has 
suggested  an  important  truth  sometimes  termed  The  Third  Law 
of  Chemical  Cowhination,  namely: — The  proportions  in  which 
tivo  elements  unite  with  a  third  are  the  proportions  {or  simple 
multiples  or  suhmultiples  of  the  proportions)  in  which  they  unite 
with  each  other.  Thus  oxygen  in  proportions  of  16  unites  with 
hydrogen,  and  carbon  in  proportions  of  12  unites  with  hydrogen ; 
therefore  16  and  12  are  the  proportions  in  which  oxygen  and 
carbon  will  unite  with  each  other*. 

The  Atomic  Theory. 

The  laws  which  DaJton  (1803  to  1808)  so  largely  aided  to 
unveil — two  grand  and  wonderful  truths — he  explained  and 
correlated  by  a  simple  and  beautiful  hypothesis.  Dalton  sug- 
gested that  matter  ivas  not  infinitely  divisible,  but  compose^l  of 

See  Axiom  1  in  Hawtrey's  fascinating  '  Introduction  to  the  Elements  of 
Euclid/  Longmans  and  Co.,  25.,  a  book  strongly  recommended  to  any  ciie- 
mical  student  who  is  not  familiar  with  the  mode  of  reasoning  commonly 
termed  geometrical. 
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minute  particles  or  atoms  having  an  invariable  character.  In  the 
words  of  Wurtz,  ''To  an  old  and  vague  notion  he  attached  an 
exact  meaning  by  supposing  that  the  atoms  of  each  hind  of  matter 
possess  a  constant  weight,  and  that  combination  between  two  kinds 
of  matter  takes  place  not  by  penetration  of  their  substance,  but  by 
juxtaposition  of  their  atoms."" 

Thus  under  this  hypothesis,  or  atomic  theory  as  it  is  generally 
termed,  carbonic  oxide  is  a  definite  compound  always  containing 
the  same  elements  in  the  same  proportions,  because  each  particle 
of  it  is  composed  of  an  atom  of  carbon  and  an  atom  of  oxygen 
chemically  united,  the  weights  of  the  atoms  being  in  the  propor- 
tion of  3  and  4,  that  is,  having  a  constant  weight  of  12  and 
16,  as  we  now  believe.  Carbonic  acid  gas  is  also  a  definite 
compound  always  containing  the  same  elements  in  the  same 
proportions ;  and  the  proportion  of  oxygen  is  just  double  that 
in  carbonic  oxide,  because  each  particle  of  it  is  composed  of  an 
atom  of  carbon  (weighing  12)  and  two  atoms  of  oxygen  (each 
weighing  16). 


Imaginary  pictures  of  molecules  of  carbonic  oxide  gas  and 
carbonic  acid  gas'"'. 

Again,  the  facts  that  with  12  of  carbon  oxygen  unites  in  the 
proportion  of  16,  or  multiple  of  16  ;  that  with  12  of  carbon 
sulphur  unites  in  the  proportion  of  32,  or  a  multiple  of  32  (the 
liquid  known  as  disulphide  of  carbon  is  a  chemical  compound  of 
12  of  carbon  to  twice  32  of  sulphur)  ;  and,  thirdly,  that  oxygen 
and  sulphur  unite  in  proportions  of  16  and  32,  are  at  once  ex- 
plained on  the  assumption  that  these  elements  exist  in  atoms 
which  have  the  respective  weights  mentioned.  Existing  in  in- 
divisible particles  (atoms)  which  weigh  16,  12,  and  32,  oxygen, 
carbon,  and  sulphur  must  unite  in  indivisible  weights  of  16,  12^ 
and  32. 

*  The  size  of  atoms,  their  shape,  their  absolute  weight — whether  or  not 
they  are  in  actual  contact — whether  or  not  they  are  fixed  in  relation  to  each 
other,  free  to  move  about  each  other,  or  in  a  constant  state  of  motion — and 
whether  or  not  the  chemical  force  actuates  them  as  the  force  of  gravitation 
influences  our  earth  and  moon  and  solar  systems,  are  matters  of  which  at 
present  we  know  almost  nothing.  The  two  pictures  are  not  intended  to 
convey  any  impression  that  the  following  formulae  do  not  give: — CO  or  OC, 
OCO  or  OOC,  or  COO  or  CO^,, 
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Atomic  Weights. 

What  has  just  been  stated  respecting  two  or  three  elements  is 
true  of  all  the  elements.  It  is  a  fact,  that  when  elements  unite 
with  one  another  in  the  peculiar  and  intimate  manner  termed 
chemical,  they  do  not  combine  in  the  haphazard  proportions  of  a 
mere  mixture,  but  in  one  fixed  and  constant  proportion.  Such 
proportions  or  weights  represent,  according  to  Dalton,  the  weights 
of  their  atoms.  Oxygen  unites  with  other  elements  in  propor- 
tions of  16,  therefore  16  is  the  weight  of  the  atom  of  oxygen. 
Chlorine  unites  with  other  elements  in  proportions  of  35|,  there- 
fore 35|  is  the  atomic  weight  of  chlorine.  And  for  a  similar 
reason  the  atomic  weights  of  hydrogen  will  be  1,  carbon  12, 
sulphur  32,  nitrogen  14,  and  iodine  127.  Of  course  it  will  be 
understood  that  these  are  the  relative  weights  of  atoms,  for  we 
cannot  know  the  absolute  weights.  All  that  is  known  is  that 
the  chlorine  atom,  for  instance,  is  35*5  times  as  heavy  as  the 
hydrogen  atom,  whatever  the  absolute  weight  of  the  latter  may 
be,  and  the  iodine  atom  127  times  as  heavy.  The  quantity  of 
metal  which  with  35-5  of  chlorine  will  form  a  chloride,  and  with 
twice  35-5  a  second  chloride  (dichloride  or  bichloride),  will  re- 
quire 127  of  iodine  to  form  an  iodide,  and  twice  127  of  iodine  to 
form  a  second  iodide  (a  diniodide  or  biniodide)*. 

Note  on  Notation. — A  fourth  function  of  a  symbol  is  to  repre- 
sent atomic  weight.  Thus  the  symbols  H,  CI,  0,  &c.  not  only 
perform  the  ofiices  of  representing  {a)  names,  (h)  single  volumes, 
and  (c)  single  atoms,  but  (cl)  definite  weights  of  the  respective  ele- 
ments. H  =  l,  Cl=35-5,  0  =  16,  1=127,  ]Sr=14,  K=39,  &c. 

Laws  or  Chemical  Combtn-atioi^-  (ey  Yolume). 

In  1809  Gay-Lussac  showed  it  to  be  a  fact  that  when  gaseous 
elements  unite  with  one  another  in  the  intimate  manner  termed 
chemical,  they  do  not  combine  in  the  haphazard  proportions 
(that  is,  proportions  by  measure  or  volume)  of  a  mere  mixture, 
but  in  constant  proportions  in  the  case  of  any  single  definite 
compound,  and  in  simple  multiple  proportions  in  cases  where 
two  elements  form  more  than  one  definite  compound.  He  thus 
proved  that  the  laws  respecting  the  constancy  of  weight  with 

*  Only  the  atomic  weights  of  the  above  and  a  few  of  the  chief  metallic 
elements  need  be  committed  to  memory ;  others  can  be  sought  out  as  occa- 
sion may  require.  A  complete  Table  of  Atomic  Weights  is  giyen  at  the  end 
of  the  volume. 
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which  elements  combine  hold  good  with  reference  to  volume,  at 
all  events  in  those  cases  in  which  elements  exist  in  or  can  be 
made  to  assume  the  gaseous  condition.  A  volume  of  hydrogen 
gas  and  an  equal  one  of  chlorine  gas  give  hydrochloric  acid  gas. 
Two  volumes  of  hydrogen  and  one  of  oxygen  give  water-vapour 
or  steam.  Such  volumes  or  simple  multiples  are  alone  the  pro- 
portions by  bulk  in  which  elements  combine.  If  any  excess  of 
either  gas  be  mixed  and  combination  attempted,  only  the  stated 
proportions  really  combine,  the  excess  remaining  unaltered. 
Eurther,  following  Gay-Lussac,  on  weighing  these  similar  and 
equal  volumes  of  hydrogen,  chlorine,  and  oxygen,  we  find  that 
the  chlorine  is  35*5  times  as  heavy  as  hydrogen,  and  oxygen  16 
times  as  heavy  as  hydrogen. 

In  1811  and  1814  Avogadro  and  Ampere,  reasoning  on  the 
fact  that  all  gases  are  similarly  affected  by  variations  of  pressure 
(Boyle,  1662,  verified  by  Mariotte)  and  temperature  (Charles), 
concluded  that  all  gases  must  be  similarly  constituted — simi- 
larity in  properties  always  indicating  similarity  in  character  or 
nature ;  in  other  words,  that  if  equal  volumes  of  gases  be  taken 
under  like  conditions,  each  will  contain  the  same  number  of  mole- 
cides,  similar  in  size  and  equally  distant  apart.  The  deduction  is 
obvious.  The  weights  of  molecules  of  elements  (that  is,  of  pairs 
of  atoms,  and  therefore  of  atoms  themselves)  must  difibr  to  the 
extent  that  the  weights  of  equal  volumes  of  those  elements  difi'er. 
Equal  volumes  of  hydrogen,  chlorine,  and  oxygen,  weighing  re- 
spectively 1,  35-5,  and  16,  and  each  of  these  volumes  contain- 
ing an  equal  number  of  molecules,  each  formed  of  two  atoms,  it 
follows  that  the  relative  weights  of  the  atoms  will  be  1,  35-5, 
and  16. 

It  will  thus  be  seen  that  the  weight  of  the  volume  in  which 
an  element  combines,  and  the  actual  weight  in  which  it  combines, 
irrespective  of  volume,  are  identical.  Eor  instance,  we  should 
find  by  experiment  that,  as  a  simple  matter  of  fact,  oxygen 
unites  with  other  elements  in  proportions  of  16  by  weight,  while 
hydrogen  combines  in  proportions  of  1.  Turning,  then,  to  expe- 
riments on  the  volumes  in  which  hydrogen  or  oxygen  combine, 
and  having  ascertained  those  volumes,  and  then  having  weighed 
them,  we  should  find  that  the  oxygen  volume  weighs  16,  while 
the  hydrogen  weighs  1.  In  compounds  in  which  hydrogen  were 
found  in  proportions  of  1  grain,  oxygen  would  be  found  in  pro- 
portions of  16  grains.  In  gaseous  compounds  in  which  hydrogen 
were  found  in  proportions  of,  say,  27  ounces  by  measure,  oxygen 
would  be  found  in  proportions  of  27  ounces  by  measure  ;  the  27 
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ounces  of  hydrogen  would  be  found  to  weigh  1  grain,  and  the 
27  ounces  of  oxygen  to  weigh  16  grains. 

Thus  the  two  great  facts  or  laws  respecting  chemical  com- 
pounds which  Dalton  laid  down  by  ascertaining  the  exact  weights 
in  which  bodies  combine,  Gay-Lussac  confirmed  by  experiments 
on  the  exact  volumes  in  which  elements  combine.  Further,  Gay- 
Lussac's  experiments  and  Avogadro's  reasoning  strongly  supported 
Dalton's  theory  of  atoms. 

Eecapitulatioi?". 

What  are  atomic  weights  or  combining  weights?  Pirst,  they 
are  represented  by  the  smallest  proportion  (relative  to  1  part  of 
hydrogen)  in  which  an  element  migrates  from  compound  to  com- 
pound. Thus  1  part  by  weight  of  hydrogen  can  be  eliminated 
from  18  similar  parts  of  water  by  action  of  certain  metals,  leaving 
1  of  hydrogen  and  16  of  oxygen  combined  with  the  metal.  Erom 
the  latter  compound  1  more  of  hydrogen  is  eliminated  by  a  second 
experiment  with  more  metal,  leaving  16  of  oxygen  combined  with 
the  metal.  In  these  and  other  well-known  reactions  16  parts  of 
oxygen  take  part  in  the  various  operations  ;  16,  therefore,  is  the 
probable  atomic  weight  of  oxygen  ;  and  so  with  other  elements 
and  radicals.  Secondl}^,  the  weights  of  the  atoms,  or  the  atomic 
weights  of  the  gaseous  elements  already  studied,  must  differ  from 
each  other  to  the  extent  that  equal  volumes  of  those  elements 
differ  in  weight.  For  equal  volumes  contain  an  equal  number 
of  molecules  equal  in  size  (Avogadro's  and  Ampere's  law),  and 
each  molecule  of  an  element  is  composed  of  two  atoms  ;  so  that 
equal  volumes  of  elements  contain  an  equal  number  of  atoms. 
Now,  bulk  for  bulk,  chlorine  is  thirty-five  and  a  half  (35*5)  times 
as  heavy  as  hydrogen  ;  so  that  the  molecule  of  chlorine  must  be 
35*5  times  the  weight  of  the  molecule  of  hydrogen  ;  for  mole- 
cules are  equal  in  bulk.  And  as  the  molecules  of  chlorine  and 
hydrogen  contain  two  atoms  each,  the  atom  of  chlorine  must  be 
35-5  times  as  heavy  as  that  of  hydrogen.  The  actual  weight  of 
atoms  can  never  be  ascertained  ;  but  that  is  of  little  consequence 
if  we  can  only  determine,  with  exactitude,  their  comparative 
weights.  Comparing,  then,  all  atomic  weights  (sometimes  ob- 
scurely termed  equivalents)  with  each  other  and  selecting  hydro- 
gen as  the  standard  of  comparison  (because  it  is  the  lightest  body 
known,  and  therefore,  probably,  will  have  the  smallest  atomic 
weight),  and  assigning  to  it  the  number  1,  we  see  that  the  atomic 
weight  of  chlorine  will  be  represented  by  the  number  35*5.  By 
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parity  of  reasoning  the  atomic  weight  of  oxygen  is  16  ;  for  oxygen 
is  found,  by  experiment,  to  be  16  times  as  heavy  as  hydrogen. 
Similarly  the  atomic  weight  of  nitrogen  is  found  to  be  14.  The 
atomic  weight  of  carbon  is  12, — not  because  its  vapour  has  been 
proved  to  be  12  times  as  heavy  as  hydrogen,  for  it  has  never  yet 
been  converted  into  the  gaseous  state,  but  because  no  gaseous 
compound  of  carbon  which  has  been  analyzed  has  been  found  to 
contain  in  2  volumes  (1  of  which,  if  hydrogen,  would  weigh  1 
part)  less  than  12  parts  of  carbon. 

Ey  thus  weighing  equal  volumes  of  gaseous  elements,  or  equal 
volumes  of  gaseous  compounds  of  non-volatile  elements,  and  as- 
certaining by  analysis  the  proportion  of  the  non-volatile  element, 
whose  atomic  weight  is  being  sought,  to  the  volatile  element, 
whose  atomic  weight  is  known,  the  atomic  weights  of  a  large 
number  of  the  elements  have  been  determined.  Some  of  the  ele- 
ments, however,  do  not  form  volatile  compounds  of  any  kind ; 
the  stated  atomic  weights  of  these  elements,  therefore,  are  at  pre- 
sent simply  the  proportions  by  weight  in  which  they  combine 
with  or  displace  elements  whose  atomic  weights  have  been  deter- 
mined, the  proportions  being  in  most  cases  checked  by  isomor- 
phic considerations  and  the  relation  of  the  element  to  other  forces, 
especially  heat*.    (Vide  infra.) 

MoLEcuLAE  Weight  and  Moleculae  Yolume. 

The  weight  of  a  molecule  is  simply  the  sum  of  the  weights  of 
its  atoms  ;  thus 

H,=2,    0^=32,    Cl,=  71,   H,0=18,  HCl=36-5. 

Molecular  volume. — If  the  quantities  just  mentioned  be 
weighed  out  (in  grains  or  other  weights),  or  if  the  molecular 
weights  of  any  gases  or  liquids  be  taken  and  exposed  to  similar 
(high)  temperatures  and  pressures,  they  will  he  found  to  occupy 
the  same  volume.     Conversely,  if  equal  volumes  of  gases  or 

*  Isomorphous  bodies  (from  t  cos,  isos,  equal,  and  ixopcpr),  morphe,  form) 
are  those  which  are  similar  in  the  shape  of  their  crystals.  This  identity  in 
crystalline  form  is  so  commonly  associated  with  similarity  of  constitution 
that  non -crystalline  substances  resembling  each  other  in  structure  are  often 
regarded  as  isomorphous.  When  one  element  unites  with  another  in  more 
than  one  proportion,  and  its  atomic  weight  is  so  far  uncertain,  the  isomor- 
phism of  either  of  its  compounds  with  some  other  compound  of  known  con- 
stitution is  usually  accepted  as  decisive  evidence  as  to  which  proportion  is 
atomic.    The  specific  heat  of  Elements  will  be  treated  of  subsequently. 
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vapours  be  measured  out,  and  then  tlie  whole  weighed,  the  re- 
sulting figures  (all  referred  to  2  of  hydrogen  as  a  starting-point 
or  standard)  are  the  molecular  weights  of  the  respective  sub- 
stances. Thus  a  volume  of  hydrogen  (about  half  a  gallon) 
which,  at  a  temperature  of,  say,  300°  F.  or  400°  P.,  and  common 
atmospheric  pressure,  would  weigh  2  grains,  w^ould  in  the  case 
of  vapour  of  water  (steam)  weigh  18  grains.  Hence  we  are 
justified  in  considering,  indeed  compelled  to  consider,  the  mole- 
cule of  water  to  contain  two  atoms  of  hydrogen  (  =  2)  and  one  of 
oxygen  (  =  16),  and  its  formula  to  be  H^O  (=18),  and  not  H^O^, 
in  which  case  its  vapour  would  be  twice  as  heavy  as  it  really  is 
found  to  be. 

Construction  of  Formulm. — The  composition  of  hydrochloric 
acid  (HCl),  water  (H2O),  ammonia  gas  (IN^Hg),  carbonic  acid  gas 
(CO2),  or  any  other  compound,  as  well  as  the  weight  of  an  ele- 
ment that  may  be  concerned  in  its  formation,  cannot  be  ascer- 
tained by  actual  experiment  until  the  student  is  far  advanced  in 
practical  chemistry — until  he  is  able  to  analyze  not  only  qualita- 
tively^ but,  by  help  of  a  balance,  quantitatively.  The  percentage 
composition  of  a  chemical  substance  having  been  determined  by 
quantitative  analysis,  its  formula  is  constructed  by  aid  of  the 
foregoing  and  other  theoretical  considerations.  The  correctness 
of  such  formulae  can  be  verified  by  expert  analysts,  but  must  be 
taken  for  granted  by  learners.  The  subject  will  again  be  referred 
to  in  the  latter  part  of  this  Manual. 

QUAT^TI VALENCE  OE  AtOMS. 

Turning  from  the  weights  of  atoms,  their  value  may  now  be 
considered,  or  their  quantivalence  (from  quantitas,  quantity,  and 
valens,  being  worth).  The  chemical  value  of  atoms  in  relation  to 
each  other  may  be  compared  to  the  exchangeable  value  of  coins. 
As  compared  with  a  penny,  a  groat  is  four-valued ;  as  compared 
with  hydrogen,  carbon  is  quadrivalent.  Here  again  hydrogen  is 
conventionally  adopted  as  the  standard  of  comparison.  An  oxygen 
atom  in  its  relations  to  an  atom  of  hydrogen  is  bivalent  (pro- 
nounced thus,  biv'-a-lent ;  of  double  worth,  from  his,  twice,  and 
valens) ;  an  atom  of  it  will  displace  two  atoms  of  hydrogen,  or 
combine  with  the  same  number ;  nitrogen  is  usually  trivalent 
(triv'-a-lent ;  from  tres,  three,  snid  valens)  ;  and  carbon  quad-riv'- 
a-lent  (from  quatuor,  four,  or  quater,  four  times,  and  valens). 
Chlorine,  iodine,  and  bromine,  as  well  as  potassium,  sodium,  and 
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silver  among  the  metals,  are,  like  hydrogen,  univalent  (u-niv'-a- 
lent ;  from  unus,  one,  and  valens).  Barium,  strontium,  calcium, 
magnesium,  zinc,  cadmium,  mercury,  and  copper,  like  oxygen,  are 
bivalent.  Phosphorus,  arsenicum,  antimony,  and  bismuth,  like 
nitrogen,  usually  exhibit  trivalent  properties ;  but  the  composi- 
tion of  certain  compounds  of  these  five  elements  shovrs  that  the 
several  atoms  are  sometimes  quinquivalent  (quin-quiv'-a-lent ; 
qidnquies,  five  times,  and  valens).  Gold  and  boron  are  trivalent. 
Silicon  (the  characteristic  element  of  fiint  and  sand),  tin,  alumi- 
nium, platinum,  and  lead  resemble  carbon  in  being  quadrivalent. 
Sulphur,  chromium,  manganese,  iron,  cobalt,  and  nickel  are 
sexivalent  (sex-iv'-a-lent ;  from  sex,  six,  or  sexies,  six  times, 
and  valens),  but  frequently  exert  only  bivalent,  trivalent,  or  qua- 
drivalent activity.  This  quantivalence  (quant-iv'-a-lence ;  from 
qiiantitas,  quantity,  and  valens),  also  termed  atomicity  (maximum 
quantivalence),  dynamicity,  and  equivalence  of  elements,  may  be 
ascertained  at  any  time  on  referring  to  the  Table  of  the  Elements 
at  the  end  of  this  volume,  where  Eoman  numerals,  i,  ii,  iii,  iv, 
V,  VI,  are  attached  to  the  symbols  of  each  element  to  indicate 
atomic  univalence,  bivalence,  trivalence,  quadrivalence,  quin- 
quivalence,  or  sexivalence.  Dashes  (H',  0",  W")  similar  to  those 
used  in  accentuating  words  are  often  used  instead  of  figures  in 
expressing  quantivalence.  The  quantivalence  of  elements,  as 
they  one  after  another  come  under  notice,  should  be  carefully 
committed  to  memory ;  for  the  composition  of  compounds  can 
often  be  thereby  predicated  with  accuracy,  and  remembered  with 
ease.  Por  instance,  the  hydrogen  compounds  of  chlorine,  CI', 
oxygen,  0",  nitrogen,  W" ,  and  carbon,  C"",  will  be  respectively 
H'Cr,  H'^O",  H'gN'",  and  H'^C"", — one  univalent  atom,  H', 
balancing  or  saturating  one  univalent  atom,  CI' ;  two  univalent 
atoms,  H'2,  and  one  bivalent  atom,  0",  saturating  each  other ; 
three  univalent  atoms,  H'^,  and  one  atom  having  trivalent  acti- 
vity, W" y  saturating  each  other ;  and  four  univalent  atoms,  H'^, 
and  one  quadrivalent  atom,  C"",  saturating  each  other.  Carbonic 
acid  gas,  C^^O"^,  again,  is  a  saturated  molecule  containing  one 
quadrivalent  and  two  bivalent  atoms. 

The  subject  of  quantivalence  will  he  furtJier  explained  after 
the  first  six  metals  have  been  studied,  when  abundant  illustrations 
of  it  will  have  occunred. 
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DEPmTIONS. 

Chemistry  is  the  study  of  the  chemical  force. 

The  Chemical  Force ^  like  other  forces,  cannot  be  described,  for, 
like  them,  it  is  only  known  by  its  effects.  It  is  distinguished 
from  other  forces  by  the  fact  that  it  produces  an  entire  change 
of  properties  in  the  bodies  on  which  it  is  exerted.  The  chemical 
force  resides  in  the  atoms  of  elements ;  it  is  exerted  only  between 
definite  weights  and  volumes  of  matter. 

An  Element  is  a  substance  which  cannot  by  any  known  means 
be  resolved  into  any  simpler  form  of  matter. 

An  Atom  of  any  element  is  a  particle  so  small  that  it  under- 
goes no  further  subdivision  in  chemical  transformations. 

A  Molecule  is  the  smallest  particle  of  matter  that  can  exist  in 
a  free  state. 

A  mere  Mixture  of  substances  is  one  in  which  each  ingredient 
retains  its  properties. 

A  Chemical  Compound  is  one  in  which  definite  weights  of 
constituents  have  undergone  an  entire  change  of  properties.  A 
"  compound  "  in  pharmacy  is  an  intimate  mixture  of  substances, 
but  still  only  a  mixture :  it  is  not  a  chemical  compound  ;  the  in- 
gredients have  not  entered  into  chemical  union  or  combination. 

Combustion  is  a  variety  of  chemical  combination  ;  a  variety  in 
which  the  chemical  union  is  sufficiently  intense  to  produce  heat 
and,  generally,  light. 

The  Laiv  of  Diffusion  is  one  under  which  gases  mix  with  each 
other  at  a  rate  which  is  in  inverse  proportion  to  the  square  root 
of  their  relative  weights  ;  that  is,  irrespective  of.  and  even  in 
spite  of,  their  comparative  lightness  or  heaviness. 

A  Chemical  Symbol  is  a  capital  letter,  or  a  capital  and  one  small 
letter.    It  has  four  functions,  namely — 

1.  It  is  short-hand  for  the  name  of  the  element. 

2.  It  represents  one  atom  of  the  element. 

3.  It  stands  for  a  constant  weight  of  the  element — the 

atomic  weight  or  combining  weight. 

4.  Symbols  represent  single  and  equal  volumes  of  gaseous 

elements. 

A  Chemical  Formula  represents  a  molecule  either  of  an  element 
or  of  a  compound.    It  also  has  four  functions': — 

1.  It  indicates  at  a  glance  the  names  of  the  elements  in  the 

molecule. 

2.  Its  symbol,  or  symbols,  together  with  a  small  figure  at- 
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tached  to  the  foot  of  any  symbol,  show  the  number  of 
atoms  in  the  molecule. 

3.  It  stands  for  a  constant  weight  of  a  compound — the 

molecular  weight,  that  is,  the  sum  of  the  weights  of 
the  atoms  in  the  molecule. 

4.  It  represents  two  volumes  of  the  substance  in  the  state 

of  gas  or  vapour.  (In  the  case  of  bodies  which  cannot 
be  volatilized  this  statement  is  only  probably  correct.) 

A  Chemical  Equation  or  a  Chemical  Diagram  is  a  collection  of 
formulae  and  symbols  so  placed  on  paper  as  to  form  a  picture  or 
illustration  of  the  state  of  things  before  and  after  that  meta- 
thesis (interchange)  of  atoms  of  molecules  which  results  in  the 
formation  of  molecules  of  new  substances. 

A  Solid  is  a  substance  the  molecules  of  which  are  more  or  less 
immobile,  though  probably  not  in  absolute  contact. 

A  Liquid  is  a  substance  the  molecules  of  which  so  freely  move 
about  each  other  that  it  readily  assumes  and  retains  the  form  of 
any  vessel  in  which  it  is  placed. 

A  Gas  is  a  substance  the  molecules  of  which  are  so  far  apart 
that  they  seem  to  have  lost  all  attraction  for  each  other,  and, 
indeed,  to  have  acquired  the  property  of  repulsion  to  such  an  ex- 
tent that  they  are  only  prevented  from  receding  to  a  still  greater 
extent  by  the  pressure  of  surrounding  matter.  Motion  is  espe- 
cially characteristic  of  the  molecules  of  gaseous  fluids. 

The  Three  Laws  regulating  Chemical  Combination  (^either  by 
weight  or  volume). 

First.  A  definite  compound  always  contains  the  same  elements 
and  the  same  proportions  of  those  elements — by  weight  or  volume. 

Second.  When  two  elements  unite  in  more  than  one  proportion, 
they  do  so  in  simple  multiples  of  that  proportion. 

Third,  The  proportions  in  which  two  elements  unite  with  a 
third,  are  the  proportions  in  which  they  unite  with  each  other. 

Atomic  Weights  are,  first,  the  proportions  in  which  elements 
are  found  to  combine  with  each  other  by  weight.  (The  figures 
showing  these  proportions  are  purely  relative ;  but  all  chemists 
agree  to  make  this  relation  fixed  by  giving  the  number  1  to 
hydrogen.)  Secondly,  they  are  the  weights  of  equal  volumes  of 
gaseous  elements  (relative  to  one  of  hydrogen). 

Molecular  Weights. — These  are  the  weights  of  equal  volumes  of 
gases  or  vapours,  under  equal  circumstances  of  temperature  and 
pressure,  and  relative  not  to  1  but  to  2  of  hydrogen.     In  the 
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case  of  non- volatile  bodies  molecular  weight  is  deduced  from  tlie 
observed  analogies  of  the  bodies  with  those  whose  molecular  weight 
admits  of  proof. 

Quantivalence  of  Atoms. — The  observed  power,  force,  or  value 
for  work  of  an  atom — relative  to  one  of  hydrogen. 

The  Leakier  is  eecommended  to  read  the  eoeegoino  para- 
graphs ON  THE  General  Principles  of  Chemical  Philosophy 

CAREPULLY  ONCE  OR  TWICE,  THEN  TO  STUDY  (EXPERIMENTALLY,  IF 
possible)  the  following  PAGES,  RETURNING  TO  AND  READING  OVER 

THE  General  Principles  from  time  to  time,  until  they  are 

THOROUGHLY  COMPREHENDED. 


QUESTIOl^^S  Al^D  EXEECISES. 

42.  What  do  you  understand  by  chemical  action  ?  Give  ex- 
amples. 

43.  How  is  the  chemical  force  distinguished  from  other  forces  ? 

44.  Adduce  evidence  that  elements  exist  in  compounds ;  that 
sulphide  of  iron,  for  instance,  still  contains  particles  of  sulphur 
and  iron,  though  it  possesses  properties  so  diflerent  from  these 
elements. 

45.  Define  the  term  atom. 

46.  "What  condition  is  essential  for  the  manifestation  of  che- 
mical force  ? 

47.  Can  an  atom  exist  in  an  uncombined  state  ?  and  when  are 
the  atoms  of  an  element  most  potent  to  enter  into  chemical  com- 
bination ? 

48.  What  is  a  molecule  ? 

49.  How  may  the  results  of  chemical  reactions  be  expressed 
on  paper  ? 

50.  Enumerate  the  functions  of  a  symbol. 

51.  Give  the  additional  functions  of  a  chemical  formula. 

52.  Describe  by  a  diagram  or  an  equation  the  reaction  which 
ensues  when  red-hot  charcoal  is  plunged  into  oxygen  gas. 

53.  Draw  diagrams  representing  the  formation  of  PgO.,  SO^, 
and  Eel^  respectively. 

54.  Enumerate  the  differences  between  the  physical  state  of 
the  molecules  in  a  solid,  a  liquid,  and  a  gas. 

55.  State  the  law  of  constant  proportions. 

56.  State  the  law  of  multiple  proportions. 

57.  State  the  law  of  reciprocal  proportions. 
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58.  Give  illustrations  of  the  above  laws. 

59.  Describe  the  origin  and  use  of  the  atomic  theory. 

60.  What  do  you  understand  by  the  atomic  weight  and  the 
molecular  weight  of  an  element  ? 

61.  Eepresenting  the  weight  of  an  atom  of  hydrogen  as  1, 
what  will  be  the  atomic  weights  of  carbon,  sulphur,  nitrogen, 
and  iodine  ?  Give  reasons  for  considering  the  stated  weights  to 
be  correct. 

62.  In  what  proportion,  by  volume,  do  elements  in  the  gaseous 
state  chemically  combine? 

63.  What  relation  exists  between  the  volumes  of  elements  in 
the  gaseous  state  and  their  atomic  weights  ?  Give  the  explana- 
tion for  this. 

64.  Is  there  any  difference  between  the  molecular  volume  of  a 
simple  or  of  a  compound  gas  ? 

65.  Define  isomorphism. 

66.  Explain  the  value  of  isomorphism  as  evidence  of  atomic 
weight. 

67.  What  is  to  be  understood  by  the  quantivalence  of  an 
element  ?  Give  examples  of  univalent,  bivalent,  trivalent,  and 
quadrivalent  atoms. 

68.  How  may  the  quantivalence  of  an  element  be  expressed 
in  its  atomic  symbol  ? 

69.  Give  the  formulse  of  two  or  three  compounds  in  which  the 
quantivalence  of  one  atom  is  saturated  by  the  combined  quanti- 
valence of  others.   

The  reader  is  also  recommended  to  question  himself,  or  be 
questioned,  on  the    definitions given  on  pages  52  to  54. 


THE  ELEMENTS  AND  THEIE  COMPOUNDS. 

Having  thus  obtained  a  general  idea  of  the  nature  of  such 
elements  as  have  especial  interest  for  the  medical  and  phar- 
maceutical student,  and  which  indeed  are  all  with  which  any 
student  of  chemistry  should  at  present  occupy  his  attention,  we 
may  pass  on  to  consider  in  detail  the  relations  of  the  elements 
to  each  other.  The  elements  themselves,  in  the  free  condition, 
are  seldom  used  in  medicine,  being  nearly  always  associated, 
bound  together  by  the  chemical  force ;  in  this  combined  condi- 
tion, therefore,  they  must  be  studied.  Most  compounds  met  with 
in  the  mineral  kingdom  may  be  regarded  as  containing  two  parts 
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or  roots,  two  radicals  : — the  one  usually  metallic,  or,  to  speak 
more  generally,  basylous ;  the  other  commonly  a  non-metallic, 
simple  or  complex,  acidulous  radical.  In  the  following  pages 
the  basylous  radicals,  or  metals,  will  be  considered  first,  the 
acidulous  radicals  afterwards.  Then  will  follow  the  chemistry 
of  compounds,  many  of  which  have  not  so  simple  a  constitution 
as  that  just  indicated.  Each  radical  will  be  studied  from  two 
points  of  view,  the  synthetical  and  the  analytical :  that  is  to  say, 
the  properties  of  an  element  on  which  the  preparation  of  its 
compounds  depends  will  be  illustrated  by  descriptions  of  actual 
experiments,  and  thus  the  principles  of  chemistry  and  their  appli- 
cations to  medicine  and  pharmacy  be  simultaneously  learnt;  then 
the  reactions  by  which  the  element  is  detected,  though  combined 
with  other  substances,  will  be  performed,  and  so  the  student  be 
instructed  in  qualitative  analysis.  Synthetical  and  analytical 
reactions  are,  in  truth,  frequently  identical,  the  object  with  which 
they  are  performed  giving  them  synthetical  interest  on  the  one 
hand,  or  analytical  interest  on  the  other. 

A  good  knowledge  of  chemistry  may  be  acquired  synthetically 
by  preparing  considerable  quantities  of  the  salts  of  the  different 
metals,  or  analytically  by  going  through  a  course  of  pure  qualita- 
tive analysis.  But  the  former  plan  demands  a  larger  expenditure 
of  time  than  most  students  have  to  spare,  while  under  the  latter 
system  they  generally  lose  sight  of  the  synthetical  interest  which 
attaches  to  analytical  reactions.  Hence  the  more  useful  system, 
now  offered,  of  studying  each  metal,  etc.  from  both  points  of  view, 
time  being  economized  by  the  operator  preparing  only  small 
specimens  of  compounds. 


Chemical  synthesis  and  analysis,  thoughtfully  and  conscienti- 
ously followed,  will  insensibly  carry  the  principles  of  chemistry 
into  the  mind  and  fix  them  there  indelibly. 


POTASSIUM. 

Symbol  K.    Atomic  weight  39. 
Formula  K^.    Probable  molecular  weight  78. 
Memoranda, — The  chief  sources  of  the  potassium  salts*  are 

^  The  ill-defined  term  salt  includes  most  solid  chemical  substances,  but 
more  especially  those  which  assume  a  crystalline  form. 
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the  chloride  found  at  Staasfurt,  in  Prussia,  in  the  form  of  the 
mineral  Carnallite  (chloride  of  potassium  50,  chloride  of  sodium 
25,  and  chloride  of  magnesium  25,  in  100  parts) ;  the  nitrate 
found  in  soils,  especially  in  warm  countries ;  and  the  compounds 
of  potassium  existing  in  plants.  The  latter,  vegetable  salts  of 
potassium,  are  converted  into  carbonate  (other  salts  are  present) 
when  the  wood  or  other  parts  are  burned  to  ashes.  If  the  ashes 
be  lixiviated  with  water,  and  the  solution  evaporated  to  dryness, 
the  residue  when  fused  constitutes  crude  potashes.  The  residue, 
calcined  on  the  hearth  of  a  reverberatory  furnace  till  white,  gives 
the  product  termed  jpearlash^  or  impure  carbonate  of  potassium 
(the  Potassii  Carhonas  Impura  of  the  United  States  Pharmaco- 
poeia). Large  quantities  of  carbonate  are  thus  produced  in  IN^orth 
America  and  Eussia.  Prom  the  native  chloride,  and  from  the 
carbonate,  purified  "  by  treating  the  pearlash  with  its  own  weight 
of  distilled  water,  filtering,  and  evaporating  the  solution  so  formed 
to  dryness,  while  it  is  kept  briskly  agitated  "  (Potassce  Carhonas, 
E.  P.,  K^COg,  with  about  16  per  cent,  of  water  of  crystalliza- 
tion nearly  all  other  compounds  of  potassium  are  made.  Ex- 
ceptions occur  in  cream  of  tartar  (Potassce  Tartras  Acida,  B.  P.), 
which  is  simply  the  purified  natural  potassium  salt  of  the  grape- 
vine, and  in  nitrate  of  potassium.  Potassium  is  a  constituent  of 
between  forty  and  fifty  chemical  or  Galenical  preparations  of  the 
British  Pharmacopoeia. 

Carbonate  of  potassium  (Potassce  Carhonas,  B.  P.,  Potassii  Car- 
honas, U.  S.  P.)  is  a  white  crystalline  or  granular  powder,  insoluble 
in  alcohol,  very  soluble  in  water,  rapidly  liquefying  in  the  air 
through  absorption  of  moisture,  alkaline  and  caustic  to  the  taste. 
It  loses  all  water  at  a  red  heat. 

Preparation. — Potassium  itself  is  isolated  with  some  difficulty 
by  distilling  a  mixture  of  its  carbonate  and  charcoal.  It  rapidly 
oxidizes  in  the  air,  and  hence  is  always  kept  below  the  surface 
of  mineral  naphtha,  a  liquid  containing  no  oxygen. 

Quantivalence. — The  atom  of  potassium  is  univalent,  K'. 

Eeactions  having  (a)  Synthetical  and  (h)  Analytical  Inteeest. 

(a)  Synthetical  Reactions, 

These  are  actions  utilized  in  manufacturing  preparations  of  po- 
tassium. The  word  synthesis  is  from  avrdeais  (sunthesis),  a  putting 
together,  as  opposed  to  analysis,  from  araXvw  (analud),  I  resolve. 

D  5 
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Hydrate  of  Potassium.   Caustic  Potash. 

First  Synthetical  Reaction. — Eoil  together,  for  a  few  minutes, 
in  a  test-tube,  five  or  six  grains  of  carbonate  of  potassium  (K^COg) 
and  a  like  quantity  of  slaked  lime  (Ca2H0)  with  a  small  quan- 
tity of  water.  Set  the  mixture  aside  in  the  test-tube  rack  till 
all  solid  matter  has  subsided. 

This  liquid  is  a  solution  of  caustic  potash,  or  hydrate  of  potas- 
sium (KHO).  Made  of  a  prescribed  strength,  it  forms  the  Liquor 
PotasscE,  E.  P. 

The  mixture  is  known  to  be  boiled  long  enough  when  a  little 
of  the  clear  liquid,  poured  into  another  test-tube  and  warmed, 
gives  no  eiFervescence  on  the  addition  of  an  acid  (sulphuric, 
hydrochloric,  or  acetic) — a  test  whose  mode  of  action  will  be 
explained  hereafter. 

Best  method  of  expressing  decompositions. — This  will  be  easy  of  compre- 
hension if  what  has  already  been  stated  concerning  symbols  and  formula  on 
pp.  33,  34,  30,  40  has  been  carefully  and  thoughtfully  considered.  The  best 
means  of  showing  on  paper  the  action  which  occurs  when  chemical  substances 
attack  each  other  is  by  the  employment  either  of  equations  or  diagrams, 
setting  forth  the  formulae  of  the  molecules  concerned  in  the  reaction.  In 
an  equation  the  formulae  of  the  salts  used  are  written  on  one  line,  the  sign 
of  addition  (-f )  intervening  ;  the  sign  of  equality  (  =  )  follows,  and  then  the 
formulae  of  the  salts  produced,  also  separated  by  a  plus  sign  (  + ).    Thus : — 

K2C034-Ca2HO=2KHO+CaC03. 
In  this  reaction  (the  operation  just  performed)  the  metals  of  (the  molecules 
of)  the  two  salts  change  places  :  from  KgCOg  and  Ca2H0  there  are  produced 
CaCOg  and  KHO  (two  molecules,  2KII0) ;  from  carbonate  of  potassium  and 
hydrate  of  calcium  there  result  carbonate  of  calcium  (the  insoluble  portion) 
and  hydrate  of  potassium  (in  solution)*. 

In  constructing  a  diagram  or  pictorial  illustration  of  a  chemical  reaction 
(the  reaction,  for  instance,  just  described),  j?nsz^ the  formulge  of  the  salts  used 
are  written  under  each  other  on  the  left  side  of  the  leaf  of  a  note-book,  thus : — 

K,C03 


Ca2H0 


^  If  the  student  is  not  already  well  accustomed  to  the  use  of  ordinary 
equations,  the  author  would  strongly  recommend  the  employment  of  dia- 
grams for  expressing  chemical  changes.  Indeed  the  occasional,  if  not  the 
regular,  use  of  graphic  equations  or  diagrams  is  of  advantage  to  all  students. 
For  while  equation  or  diagram  equally  well  records  the  formulae  of  the  salts 
concerned  in  the  whole  reaction,  the  diagram  alone  suggests  the  mode  in  which 
its  writer  believes  the  respective  atoms  to  change  their  positions.  In  the 
paragraphs  succeeding  the  above,  the  author,  in  accordance  with  many  requests, 
gives  detailed  explanations  respecting  the  use  and  construction  of  diagrams. 
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Such  formulas  are,  in  this  Manual,  always  given  with  the  description  of  the 
reaction.  Secondly,  on  the  right  is  then  written  the  formula  of  the  chief 
substance  produced,  thus  : — 

K2CO3  KHO 


Ca2H0 

Thirdly,  the  formation  of  this  chief  body  under  consideration,  that  is  to  say 
both  the  origin  of  its  elements  and  their  destination,  is  traced  out  by  the  help 
of  brackets  (which  show  the  source  of  the  elements)  and  converging  lines 
(which  suggest  the  approach  and  final  union  of  the  elements),  thus  : — 

K,C03 


KHO 


Ca2H0|^^^ 

At  this  stage  (at  other  stages,  perhaps,  in  other  reactions)  the  reader's  own 
intelligent  power  of  thought  and  reflection  must  come  into  exercise.  He 
must  reason  somewhat  as  follows  : — "  I  am  converting,  and  entirely  convert- 
ing, a  quantity  of  carbonate  of  potassium  into  hydrate  of  potassium.  A  mo- 
lecule, the  smallest  quantity  I  can  picture  on  paper,  of  the  carbonate  of 
potassium  (K2CO3)  contains,  I  am  told,  two  atoms  of  potassium  (KJ,  and 
a  molecule  of  the  hydrate  (KHO)  one  atom  (K).  Therefore— therefore- 
each  molecule  of  the  carbonate  (K^C03)  will  furnish  two  molecules  of  the 
hydrate  (2KH0).  Moreover,  I  notice  that  in  the  formula  of  a  molecule  of 
the  hydrate  of  calcium  (slaked  lime)  I  employ,  there  are  2  of  the  HO  (that  is, 
2H0) ;  and  this  fact  confirms  me  in  the  deduction  that  one  molecule  of  the 
carbonate  alFords  two  molecules  of  the  hydrate."  The  pupil  will  then  amend 
his  diagram,  thus  : — 

Km    [K,   Z==-2KH0 


Ca2H0 


^2H0^ 


FourtJily,  the  question  as  to  what  becomes  of  the  other  elements  must  be 
cleared  up.  Indeed,  when  the  reader  remembers  that  he  is  studying  this 
reaction  for  the  aid  it  affords  him  in  learning  chemistry  and  not  because  he 
is  desirous  of  manufacturing  caustic  potash,  he  will  see  that  this  latter  part 
of  the  reaction  is  quite  as  important  as  the  former.  To  complete  the  dia- 
gram, then,  he  must  first  know  what  other  compound  is  produced  and  its 
formula.  The  context  of  his  Manual  will  generally  afford  this  information, 
or,  after  a  little  experience  is  acquired,  analogies  or  his  own  knowledge  will 
suggest  correct  formula?.  In  this  case  carbonate  of  calcium  is  produced, 
CaC03.  (This  product  is,  in  fact,  precipitated  chalk,  together  with  any  excess 
of  slaked  lime  and  any  natural  impurities  in  the  slaked  lime.  Pure  "  pre- 
cipitated chalk"  is  made  by  an  analogous  reaction  described  subsequently.) 
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The  source  of  the  elements  of  the  carbonate  of  calcium  and,  finally  their- 
union  must  be  mdicated  just  as  the  source  and  mode  of  formation  of  the. 
potash  were  mdicated.  That  is  to  say,  after  the  formula  of  this  second  sub- 
stance  produced  (CaC03)  is  written  on  the  right  of  the  diagram,  thus:— 

3:::::^2KHO 


Ca2H0 


r2H0 


1  CaCOg 
the  source  of  its  elements  is  shown  by  writing  the  symbols  for  those  elements^ 
on  the  right  of  the  bracket  attached  to  the  formula  containing  the  symbols : 
of  the  elements,  thus  : — 

^^00.  {^5,   


Ca2H0(^^^ 
[  Ca 


CaCOg 

Lines  conyerging  from  the  symbols  of  the  elements  and  uniting  at  the  for- 
mula of  the  substance  are  then  drawn,  to  suggest  approach  of  the  atoms  of 
the  elements  and  their  union  to  form  a  molecule  of  the  compound.  The- 
diagram  will  now  be  complete,  thus :— 

-~  ^  •2XH0 


1C( 


Ca2H0 


CaCO^ 


The  formation  of  a  third  product  or  a  fourth  product  would  be  indicated 
in  a  similar  manner. 

It  will  be  noticed  that  the  chief  data  required  in  making  either  equationary 
or  diagrammatic  notes  of  decompositions  are  the  symbolic  formula  of  the 
yarious  compounds  employed  and  produced.  These  formulae  are,  in  this. 
Manual,  given  whenever  necessary.  Chemists  obtain  them  in  the  first  instance 
by  help  of  quantitative  analysis.  By  the  same  means  is  obtained  a  check  on 
the  probabilities  respecting  the  relative  number  of  molecules  concerned  in  a 
reaction. 

Finally,  while  an  equation  or  a  diagram  is  an  attempt  to  picture  the 
reaction  which  ensues  when  molecules  of  different  substances  act  upon  one 
another,  it  necessarily  only  represents  two  or  a  minimum  number  of  the 
molecules.  The  student  will,  of  course,  understand  that  what  is  true  of  these 
two  or  three  molecules  is  true  of  the  thousands  or  millions  of  molecules 
forming  the  mass  or  whole  quantity  of  material  on  which  he  experiments. 

Note  on  Nomenclature. — Hydrates  are  bodies  indirectly  or  di- 
rectly derived  from  water  by  one  half  of  its  hydrogen  becoming" 
displaced  by  an  equivalent  quantity  of  another  radical.    Thus,  a 


POTASSIUM. 


61 


piece  of  potassium  thrown  on  to  water  (HHO)  instantly  libe- 
rates hydrogen,  hydrate  of  potassium  (KHO)  being  formed.  The 
temperature  produced  at  the  same  time  is  sufficiently  high  to 
cause  ignition  of  the  hydrogen,  which  burns  with  a  purple  flame 
(owing  to  the  presence  of  a  little  vapour  of  potassium),  while 
the  hydrate  of  potassium  remains  dissolved  in  the  bulk  of  the 
water.  This  radical  or  root  or  group  of  elements  (HO),  common 
to  all  hydrates,  is  sometimes  termed  liyclroxyl.  Water  might  be 
termed  hydrate  of  hydrogen  or  hydroxy lide  of  hydrogen. 

Explanation. — With  regard  to  the  group  of  atoms  represented 
by  the  symbols  CO3  and  HO,  only  a  few  words  need  be  said  here. 
The  former  (CO3)  is  the  grouping  (root  or  radical)  found  in  all 
carbonates ;  it  is  termed  the  carbonic  radical,  and  is  as  charac- 
teristic of  carbonates  as  potassium  (K)  is  of  potassium  salts. 
HO  (hydroxyl)  is  characteristic  of  all  hydrates.  CO3  is  a  bi- 
valent root,  HO  is  univalent ;  hence  CO3  is  found  united  with 
two  univalent  atoms,  as  in  carbonate  of  potassium,  X^CO^,  or  with 
one  bivalent  atom,  as  in  carbonate  of  calcium,  CaC03 ;  and  HO 
is  found  united  in  single  proportion  with  univalent  atoms,  as  in 
hydrate  of  potassium,  KHO,  or  in  double  proportion  with  biva- 
lent atoms,  as  in  hydrate  of  calcium,  Ca2H0.  The  quantivalence 
of  a  metal  has  only  to  be  learnt,  and  the  formula  of  its  carbonate 
and  hydrate  are  ascertained  without  seeing  the  formula  of  either. 
The  formulae  of  all  other  metallic  salts  are  constructed  on  the 
same  principle.  Eut,  beyond  committing  to  memory  the  formulae 
and  quantivalence  of  the  various  groupings  characteristic  of 
carbonates,  hydrates,  nitrates,  sulphates,  acetates,  etc.  (see  the 
following  Table),  special  attention  should  not  at  present  be  de- 
voted to  the  subject  of  the  constitution  of  salts,  but  restricted  to 
what  may  be  called  the  metallic  or  basylous  side  of  salts.  The 
formulae  and  quantivalence  of  the  chief  acidulous  groupings  re- 
ferred to  and  the  symbols  and  quantivalence  of  allied  elementary 
bodies  are  included  in  the  following  Table : — 

Formulce  and  Quantivalence  of  Acidulous  Radicals. 
All  chlorides  contain   CI  ^ 


bromides 
5,  iodides 
„  cyanides 
„  hydrates 
„  nitrates 
„  chlorates 
„  acetates 


Br 
I 

CiN" 
HO 

C1O3 
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All  oxides  contain 

5,  sulphides  „ 

J,  sulphites  5, 

„  sulphates  „ 

5,  carbonates  „ 

„  oxalates  „ 

„  tartrates  „ 
„  citrates 

„  phosphates  „ 

„  borates  „ 

Radicals. — The  above  elements  and  compounds  are  termed 
radicals,  each  being  the  common  root  {radix)  in  a  series  of  salts. 
Why  compound  radicals  (as  SO^,  PO^,  etc.)  differ  in  quan- 

tivalence  cannot  well  be  explained.  Their  constituent  atoms 
doubtless  always  exert  the  same  amount  of  attractive  force, 
nearly  but  not  quite  all  this  force  being  exerted  in  retaining  the 
atoms  in  one  group,  and  the  remainder  probably  determining  the 
quantivalence.  Some  of  the  compound  radicals  are  obtainable 
in  the  free  state,  others  have  yet  to  be  proved  capable  of  isolated 
existence  *. 

Pure  solution  of  potash. — Solution  of  potash  generally  contains 
a  trace  of  alumina  dissolved  from  the  lime  by  the  hot  alkali,  but 
not  enough  to  interfere  with  the  use  of  the  liquid  in  medicine. 
If  the  solution  is  required  for  analytical  purposes,  it  may  be 
obtained  free  from  alumina  by  avoiding  the  employment  of  heat, 
in  the  manner  suggested  by  liedwood.  Half  a  gallon  is  made"^ 
by  mixing  half  a  pound  of  slaked  lime  with  about  three  pints 
of  water,  placing  the  mixture  in  a  half-gallon  bottle  (Winchester 
quart),  and  adding  to  it,  in  small  quantities  at  a  time,  a  solution 
of  half  a  pound  of  carbonate  of  potassium  dissolved  in  the  other 
pint  of  water,  shaking  the  mixture  well  for  several  minutes  after 
each  addition.  The  whole  is  now  set  on  one  side  till  clear  ;  and 
then,  if  a  small  quantity  poured  into  a  test-tube  and  warmed 
does  not  effervesce  on  the  addition  of  hydrochloric  acid,  the 
solution  is  fit  for  use.  If  effervescence  (due  to  carbonic  acid  gas) 
occurs,  the  mixture  must  be  again  well  shaken.  If  the  lime  be 
good  and  recently  slaked,  and  the  bottle  violently  shaken  once 
every  half-hour,  the  decomposition  will  be  complete  in  about 
ten  or  twelve  hours. 

*^  A  few  modem  authors  term  these  roots  radicles^  a  word  more  usefully 
expressive  of  little  roots  or  rootlets. 
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Liquor  Potassce  is  officially  directed  to  be  made  as  follows  : — 
Dissolve  1  pound  of  carbonate  of  potassium  in  1  gallon  of 
water ;  heat  the  solution  to  the  boiling-point  in  a  clean  iron 
vessel,  gradually  mix  with  it  12  ounces  of  slaked  lime,  and  con- 
tinue the  ebullition  for  ten  minutes  with  constant  stirring.  Then 
remove  the  vessel  from  the  fire  ;  and  when  by  the  subsidence  of 
the  insoluble  matter  the  supernatant  liquor  has  become  perfectly 
clear,  transfer  it  by  means  of  a  siphon  or  by  decantation  to  a 
green- glass  bottle  furnished  with  an  air-tight  stopper,  and  add 
distilled  water,  if  necessary,  to  make  it  correspond  with  the  tests 
of  specific  gravity  and  neutralizing  power.  (These  tests  and  the 
mode  of  applying  them  will  be  explained  in  subsequent  sections.) 

Solid  potash. — Solution  of  potash  evaporated  to  dryness  in  a 
silver  or  clean  iron  vessel  and  the  residue  fused  and  poured  into 
moulds  constitutes  Potassa  Caustica,  B.  P.  It  often  contains  chlo- 
rides, detected  by  nitrate  of  silver,  and  sulphates,  detected  by  a 
barium  salt,  as  described  subsequently  in  connexion  with  hydro- 
chloric and  sulphuric  acids. 

Sulphurated  Potash. 

Second  Synthetical  Reaction. — Into  a  test-tube  put  a  few  grains 
of  carbonate  of  potassium  previously  mixed  with  half  its  weight 
of  sulphur.  Heat  the  mixture  gradually  until  it  ceases  to  effer- 
vesce. The  resulting  fused  mass  poured  on  a  slab  and  quickly 
bottled  is  the  Potassa  Sulphurata,  Sulphurated  Potash,  of  the 
British  Pharmacopoeia. 

3K,C03    +    4S,    =    K^S,03     +    2X^83     +  SCO, 

Carbonate  of         Sulphur.  Hyposulphite  Sulphide  of  Carbonie 

potassium.  of  potassium.  potassium.  acid  gas. 

As  met  with  in  pharmacy,  this  salt  is  not  a  single  definite 
chemical  compound,  but  a  mixture  of  several ;  in  short,  its  che- 
mical character  is  well  indicated  by  its  vague  name.  When 
fresh,  and  if  carefully  prepared  with  the  official  proportions  of 
dry  ingredients,  it  is  of  the  colour  of  liver  (whence  the  old  name 
"  liver  of  sulphur"),  and  consists,  as  shown  by  J.  Watts,  of  the 
salts  mentioned  in  the  foregoing  equation,  together  with  a  little 
undecomposed  carbonate  of  potassium,  with  perhaps  higher  sul- 
phides of  potassium  (K^S^  and  K^Sg) ;  but  rapidly  absorbing 
oxygen  from  the  air  it  soon  becomes  green  and  yellow,  sulphite 
(K^SOg)  and  sulphate  of  potassium  (K^SO^)  are  formed,  and  ulti- 
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mately  a  useless  mass  of  a  dirty  white  colour  results,  consisting 
of  sulphate  and  hyposulphite,  with  generally  some  carbonate  of 
potassium  and  free  sulphur.  Moreover,  if  overheated  in  manu- 
facture, the  hyposulphite  4(KJ^fi^)  is  decomposed  into  sulphate 
3(X^S04)  and  sulphide  (K^Sg)  of  potassium.  Eecently  made, 
"  about  three  fourths  of  its  weight  are  dissolved  by  rectified 
spirit."  It  is  occasionally  employed  in  the  form  of  ointment 
(Unguentum  Potassce  Sulphuratce,  B.  P.). 

The  extremely,  indeed  most  umisually,  complicated  nature  of  the  reaction 
will  probably  cause  failure  to  any  attempt  by  a  student  to  draw  out  an  equa- 
tion or  a  diagram  of  the  reaction  without  the  aid  of  the  printed  equation 
given  above.  He  may  therefore  content  himself,  in  this  case,  by  introducing 
into  his  note-book  a  diagram  founded  directly  on  the  equation  and  on  the 
numbers  of  molecules  there  stated.  With  this  printed  equation,  and  the 
details  of  construction  of  diagrams  given  in  connexion  with  the  first  synthe- 
tical reaction,  he  will  be  able  to  give  a  diagram  of  this  second  reaction  with- 
out troubling  his  reasoning  powers,  while  at  the  same  time  he  will  be  familiar- 
izing himself  with  the  more  mechanical  portions  of  a  diagram. 

In  preparing  large  quantities  of  sulphurated  potash,  the  test- 
tube  is  replaced  by  an  earthenware  vessel  termed  a  crucible 
(from  crucc,  a  cross,  for  originally  a  cross  was  impressed  upon 
the  melting-pot  as  used  by  alchemists  and  goldsmiths  :  others 
derive  the  word  from  crux,  an  instrument  of  torture,  the  sense 
here  being  symbolical). 


Crucibles  of  various  forms. 


Fig.  12.  Pig.  13.  Pig.  14. 


Heating  crucibles. — Crucibles  of  a  few  ounces'  capacity  may  be 
heated  in  an  ordinary  grate-fire.  Larger  ones  require  a  stove 
with  a  good  draught — that  is,  a  furnace.  Even  the  smaller  ones 
are  more  conveniently  and  quickly  heated  in  a  furnace.  Half- 
ounce  or  one-ounce  experimental  porcelain  crucibles  may  be 
heated  in  a  spirit-  or  gas-flame  ;  the  air-gas  flame  already  de- 
scribed being  generally  the  most  suitable. 
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Acetate  of  Potassium. 

Third  Synthetical  Reaction. — Place  ten,  twenty,  or  more  grains 
of  carbonate  of  potassium  in  a  small  dish,  and  saturate  (satur, 
full)  with  acetic  acid ;  that  is,  add  acetic  acid  so  long  as  effer- 
vescence is  thereby  produced ;  the  resulting  liquid  is  a  strong, 
slightly  acid  solution  of  acetate  of  potassium.  Evaporate  most  of 
the  water  in  the  open  dish  (see  figs.  15  &  16,  p.  66),  stirring  with 
a  glass  rod*  to  promote  evolution  of  vapour ;  a  white  salt  remains 
which  fuses  on  the  further  application  of  heat :  this  is  the  official 
Acetate  of  Potash  (Potassce  Acetas,  B.  P.),  or  Acetate  of  Potassium 
(Potassii  Acetas,  U.  S.  P.)  as  it  is  more  correctly  called.  If  fused 
in  the  open  vessel  the  acetate  is  liable  to  become  slightly  charred 
and  discoloured;  this  is  prevented  by  transferring  the  solid  residue 
to  a  test-tube  or  fiorence  flask  before  finally  fusing.  It  forms  a 
white  deliquescent  foliaceous  satiny  mass,  neutral  to  test-paper, 
and  wholly  soluble  in  spirit.  A  ten  per  cent,  solution  in  water 
forms  the  ^'  Solution  of  Acetate  of  Potash,"  B.  P. 

K.^C03    +    2Ha,H30,   =   2KaH30,    +   Kfl    +  CO, 

Carbonate  of  Acetic  Acetate  uf  Water.  Carbonic 

potassium.  acid.  potassium.  acid  gas. 

Explanation  of  formidce. — The  formula  for  one  molecule  of 
acetic  acid  (the  acetate  of  hydrogen)  is  HC^HgO,,  and  one  of 
acetate  of  potassium  KC^HgO,.  The  grouping,  C^HgO,,  is  cha- 
racteristic of  all  acetates ;  it  is  univalent,  and  may  be  shortly, 
though  less  instructively,  written  A. 

Explanation  of  p>rocess, — When  two  molecules  of  acetic  acid 
(2IIC2H3O2)  and  one  of  carbonate  of  potassium  (K.^COg)  react, 
two  molecules  of  acetate  of  potassium  (2KC2II3O2)  and  one  of 
carbonic  acid  (H^COg)  are  produced,  the  latter  at  once  splitting 
up  into  water  (HgO)  and  carbonic  acid  gas  (CO,),  as  already 
shown  in  the  equation. 

Diagram  of  the  reaction. — The  nature  of  the  above  operation 

Glass  rod  is  usually  purchased  in  the  form  of  long  sticks.  The  pieces 
may  be  cut  to  convenient  lengths  of  from  6  to  12  inches  {vide  p.  5),  sharp 
ends  being  rounded  oif  by  holding  in  a  flame  for  a  few  minutes. 
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is  indicated  by  an  equation ;  it  (and  succeeding  reactions)  should 
be  expressed  in  the  student's  note-book  as  a  diagram,  and,  if 
possible,  without  the  aid  of  the  equation. 

Note. — The  above  reaction  has  a  general  as  well  as  a  special 
synthetical  interest.  It  represents  one  of  the  commonest  methods 
of  forming  salts,  namely,  the  saturation  of  an  acid  with  a  car- 
bonate. Carbonates  added  to  acetic  acid  yield  acetates,  to  nitric 
acid  nitrates,  to  sulphuric  acid  sulphates.  Many  illustrations  of 
this  general  process  occur  in  pharmacy. 


Evaporation  from  small  and  large  basins. 


Fig.  15.  Eig.  16. 


Evaporation  of  water  from  a  liquid  is  best  conducted  in  wide 
shallow  vessels  rather  than  in  narrow  deep  ones,  as  the  steam 
can  thus  quickly  diffuse  into  the  air  and  be  rapidly  conveyed 
away  ;  hence  a  small  round-bottomed  basin,  heated  as  shown  in 
fig.  15,  is  far  more  suitable  than  a  test-tube  for  such  operations. 
On  the  manufacturing  scale,  iron,  or  iron  lined  with  enamel,  or 
semiporcelain,  copper,  tinned  copper,  or  solid  tin  pans  are  used. 
Up  to  12  or  18  inches  diameter,  pans,  basins,  or  dishes,  made  of 
Wedgwood  ware  or  porcelain  composition  (%.  16),  may  be  em- 
ployed. Small  dishes  may  be  supported  by  retort-stands  (fig.  15), 
larger  by  cylinders  (fig.  16)  to  which  the  dish  is,  if  less  in  dia- 
meter than  the  cylinder,  adapted  by  such  flat  rings  or  diaphragms 
as  are  shown  in  the  figure. 

Bicarbonate  of  Potassium. 

Fourth  Synthetical  Reaction. — Make  a  strong  solution  of  carbo- 
nate of  potassium  by  heating  in  a  test-tube  a  mixture  of  several 
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grains  of  the  salt  with  rather  less  than  an  eqnal  weight  of  water. 
Through  the  cooled  solution  pass  carbonic  acid  gas,  slowly  but 
continuously  ;  after  a  time  a  white  crystalline  precipitate  of  Acid 
Carbonate  or  Bicarbonate  of  Potassium  (KHCO3),  the  Bicarbonate 
of  Potash  of  the  Pharmacopoeia  (Potassce  Bicarhonas,  B.  P., 
Fotassii  Bicarhonas,  TJ.  S.  P.),  will  be  formed. 

XfO,    +    H,0    +    CO,    =  2KHCO3 

Carbonate  of  Water.  Carbonic         Bicarbonate  of 

potassium.  acid  gas.  potassium. 

The  carbonic  acid  gas  necessary  for  this  operation  is  to  be 
prepared  from  marble,  though  it  might  be  obtained  from  any 
carbonate.  Thus  the  previous  synthetical  reaction  could  be  made 
available  for  this  purpose,  the  carbonic  gas  evolved  on  the  addition 
of  the  acetic  acid  to  the  carbonate  of  potassium  being  conducted 
into  a  strong  solution  of  more  carbonate  of  potassium  by  a  glass 
tube  bent  and  fitted  as  described  when  treating  of  oxygen  gas. 
But  motives  of  economy  induce  the  use  of  carbonate  of  calcium, 
the  form  known  as  marble  being  always  employed.  Economy  and 
convenience  also  cause  hydrochloric  acid  to  be  used  in  preference 
to  acetic  or  any  other. 

Generate  the  carbonic  acid  gas  by  adding  common  hydrochloric 
acid,  diluted  with  twice  its  bulk  of  water,  to  a  few  fragments  of 
marble  contained  in  a  test-tube  or  small  flask,  and  conduct  the 
gas  into  the  solution  of  carbonate  of  potassium  by  a  glass  tube 
bent  to  a  convenient  angle  or  angles,  and  fitted  to  the  test-tube 
by  a  cork  in  the  usual  way  (see  fig.  10,  though  no  heat  is  neces- 
sary). The  tube  may  be  replenished  with  marble  or  acid,  or 
both,  when  the  evolution  of  gas  is  becoming  slow.  In  working 
on  any  larger  quantity  than  a  few  grains  of  the  carbonate  a 
wide  delivery-tube  should  be  employed,  or  the  end  of  the  narrow 
tube  occasionally  cleared  from  any  bicarbonate  that  may  have 
been  deposited  in  it.  The  more  economical  official  arrangement 
of  the  apparatus  employed  in  this  process  will  be  described  under 
the  corresponding  sodium  salt  (p.  81). 

Deposition  of  the  bicarbonate  complained. — Bicarbonate  of  potas- 
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sinm  is  to  a  certain  extent  soluble  in  water  :  but  as  it  is  less 
so  than  the  carbonate  of  potassium,  and  as  a  saturated  solution 
of  the  latter  has  been  used,  a  precipitation  of  a  part  of  the  bicar- 
bonate inevitably  occurs.  In  other  words,  the  quantity  of  water 
present  is  sufficient  to  keep  the  carbonate,  but  insufficient  to  re- 
tain the  equivalent  quantity  of  bicarbonate  in  solution. 

Properties.— VvQ'^duTedi  on  the  large  scale,  bicarbonate  of  potas- 
sium occurs  in  colourless,  non-deliquescent,  right  rhombic  prisms ; 
it  has  a  saline,  feebly  alkaline,  non-corrosive  taste. 

Effervescing  solution  of  potash. — A  solution  of  30  grains  of  bi- 
carbonate of  potassium  in  one  pint  of  water,  charged  with  7  times 
its  bulk  of  carbonic  acid  gas  by  pressure,  constitutes  the  ordinary 
"  potash-water,"  the  so-called  Liquor  Potassce  Effervescens,  B.  P. 

J}{otes  on  Nomenclature. — The  prefix  hi-  in  the  name  "  bicarbo- 
nate of  potassium,"  serves  to  recall  the  fact  that  to  a  given  amount 
of  potassium  this  salt  contains  twice  as  much  carbonic  radical  as 
the  carbonate.  The  salt  is  really  a  "  carbonate  of  potassium  and 
hydrogen "  (XHCO3)  ;  it  is  intermediate  between  carbonate  of 
potassium  (K^COg)  and  carbonate  of  hydrogen,  or  true  carbonic 
acid  (H^COg);  it  is  acid  carbonate  of  potassium'^  or  "  hydric 
potassium  carbonate ; "  in  chemical  constitution  it  is  an  acid  salt, 
although  not  acid  to  the  taste. 

Salts  whose  specific  names  end  in  the  syllable  "  ate^^  (cd^Thowate, 
sulph«^^,  etc.)  are  in  general  conventionally  so  termed  when  they 
contain  an  acidulous  radical,  or  the  characteristic  elements  of  an 
acid,  whose  name  ends  in  "  ic^^  and  from  which  acid  they  have 
been  or  may  be  formed.  Thus  the  syllable  "  ate^^  in  the  words 
sulphaif^,  nitra^^,  Sicetate,  carbona^^,  etc.,  indicates  that  the  respec- 
tive salts  contain  a  radical  whose  name  ended  in  ic,  the  previous 
syllables,  sulph-,  nitr-,  acet-,  carbon-,  indicating  what  that  radical 
was — the  sulphuric,  nitric,  acetic,  or  carbonic.  Occasionally  a 
letter  or  syllable  is  dropped  from  or  added  to  a  word  to  render 
the  name  more  euphonious ;  thus  the  sulphuric  radical  forms 
sulphates,  not  sulphurates. 

Citrate  of  Potassium. 

Fifth  Synthetical  Reaction. — Dissolve  a  few  grains  or  more  of 
carbonate  of  potassium  in  water,  and  add  citric  acid  (Rfi^JI.O^) 
until  it  no  longer  causes  effervescence.  The  resulting  liquid  is  a 
solution  of  citrate  of  potassiutn  (KgCgH^O^).  Evaporated  to  dry- 
ness, in  an  open  dish,  a  pulverulent  or  granular  residue  is 
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obtained,  which  is  the  official  Fotassce  Citras  (Potcissii  Ciiras, 
U.  S.  P.),  a  white  deliquescent  powder. 

3K^C03  +  =  2X30,^0,  +  3H^0  +  3C0^ 

Carbonate  of  Citric  acid.  Citrate  of  Water.  Carbonic 

potassium.  potassium.  acid  gas. 

Citrates. — The  citric  radical  or  group  of  elements,  which  with 
three  atoms  of  hydrogen  forms  a  molecule  of  citric  acid,  and  with 
three  of  potassium  citrate  of  potassium,  is  a  trivalent  grouping ; 
hence  the  three  atoms  of  potassium  in  a  molecule  of  the  citrate. 
The  full  chemistry  of  citric  acid  and  other  citrates  will  be  sub- 
sequently described. 

Nitrate  of  potassium  (KNO3)  (Potassce  Nitras,  B.  P.,  Potassii 
Nitras,  U.  S.  P.),  and  Sulphate  of  potassium  (K^O^  {Potassce 
Sulphas,  B.  P.,  Potassii  Sulphass,  U.  S.  P.),  could  obviously  also 
be  made  by  saturating  nitric  acid  (HIN'03)  and  sulphuric  acid 
(H^SOJ,  respectively,  by  carbonate  of  potassium.  Practically 
they  are  not  made  in  that  way,— the  nitrate  occurring,  as  already 
stated,  in  nature,  and  the  sulphate  as  a  by-product  in  many  ope- 
rations. Both  salts  will  be  hereafter  alluded  to  in  connexion 
with  nitric  acid. 

Tartrate  of  Potassium. 

Sixth  Synthetical  Reaction. — Place  a  few  grains  of  carbonate  of 
potassium  in  a  test-tube  with  a  little  water,  heat  to  the  boiling- 
point,  and  then  add  acid  tartrate  of  potassium  (KHC^H^Og  or 
KHT)  till  there  is  no  more  effervescence ;  a  solution  of  neutral 
tartrate  of  potassium  (K^T)  results,  the  Potassce  Tartras  of  the 
British  Pharmacopoeia  {Potassii  Ta7^tras,  U.  S.  P.).  Crystals 
(4-  or  6-sided  prisms)  may  be  obtained  on  concentrating  the  solu- 
tion by  evaporation  and  setting  the  hot  liquid  aside.  Larger 
quantities  are  made  in  the  same  way,  20  of  acid  tartrate  and  9 
of  carbonate  (with  50  of  water)  being  about  the  proportions 
necessary  for  neutrality. 

2KHC,H,0,  +   K,C03   =  2K,C,H,0,   +   H,0   +  CO, 

Acid  tartrate  of         Carbonate  of       Neutral  tartrate  Water.  Carbonic 

potassium.  potassium.  of  potassium.    '  acid  gas. 

Tartrates. — C^H^O^  are  the  elements  characteristic  of  all  tar- 
trates :  they  form  a  bivalent  grouping ;  hence  the  formula  of  the 
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hydrogen  tartrate,  or  tartaric  acid,  is  H^C^H^Og ;  that  of  the  potas- 
sium tartrate  K^C^H^Og ;  of  the  intermediate  salt,  the  acid  potas- 
sium tartrate  (cream  of  tartar),  KHC^H^Og.  If  the  acid  tartrate 
of  one  metal  and  the  carbonate  of  another  react,  a  neutral  dime- 
tallic  tartrate  results,  as  seen  in  Eochelle  Salt  (X.lN'aC^H^Og),  the 
8oda  Tartarata  of  the  British  Pharmacopoeia. 

Acid  salts  (e,  g.  KHC^H^Og),  that  is,  salts  intermediate  in  com- 
position between  a  normal  or  neutral  salt  {e.  g.  K^C^H^Og)  and 
an  acid  {e.  g.  H^C^H^Og),  will  frequently  be  met  with.  All 
acidulous  radicals  except  those  which  are  univalent  may  be  con- 
cerned in  the  formation  of  acid  salts. 

Iodide  of  Potassium. 

Seventh  Synthetical  Reaction. — To  a  solution  of  potash,  heated 
in  a  test-tube,  flask,  or  evaporating-basin  according  to  quantity, 
add  a  small  quantity  of  solid  iodine.  The  deep  colour  of  the 
iodine  disappears  entirely.  This  is  due  to  the  formation  of  the 
colourless  salts,  iodide  of  potassium  (KI)  and  iodate  of  potassium 
(KIO3),  which  remain  dissolved  in  the  liquid..  Continue  the  ad- 
dition of  iodine  so  long  as  its  colour,  after  a  few  minutes'  warm- 
ing and  stirring,  disappears.  When  the  whole  of  the  potash  in 
the  solution  of  potash  has  been  converted  into  the  salts  mentioned, 
the  slight  excess  of  iodine  remaining  in  the  liquid  will  colour  it, 
and  thus  show  that  this  stage  of  the  operation  is  completed. 
6KH0    -f-    31,    =     5KI    +   KIO3    +  3H,0 

Hydrate  of  Iodine.  Iodide  of         Iodate  of  Water, 

lootassium.  potassium.  potassium. 

Separation  of  the  iodide  from  the  iodate, — Evaporate  the  above 
solution  to  dryness.  If  each  salt  were  required,  the  solid 
mixture  might  be  digested  in  spirit  of  wine,  which  dissolves  the 
iodide,  but  not  the  iodate.  But  the  iodide  only  is  used  in  medi- 
cine. Mix  the  residue,  therefore  (reserving  a  grain  or  two  for  a 
subsequent  experiment),  with  about  a  twelfth  of  its  weight  of 
charcoal,  and  gently  heat  in  a  test-tube  or  crucible  until  slight 
deflagration  ensues  *.    The  crucible  may  be  held  in  a  spirit  or 

*  If,  in  the  operation  of  heating  iodate  of  potassium  with  charcoal,  excess 
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air-gas  flame,  or  other  fire,  by  tongs.  (Scissors-shaped  and  other 
"  crucible-tongs  "  are  sold  by  all  makers  of  apparatus.)  Under 
these  circumstances  the  iodide  remains  unafl'ected ;  but  the  iodate 
loses  all  its  oxygen,  and  is  thus  also  reduced  to  the  state  of 
iodide. 

2KIO3     -1-     3C,     =      2X1      -1-  6C0 

Ioda,te  of  Carbon.  Iodide  of  Carbonic 

potassium.  potassium.  oxide. 

Treat  the  mass  with  a  little  water,  and  filter  to  separate  excess  of 
charcoal ;  a  solution  of  pure  iodide  of  potassium  results.  It  may 
be  used  as  a  reagent  or  evaporated  to  a  small  bulk  and  set  aside 
to  crystallize. 

This  is  the  process  mentioned  in  the  British  Pharmacopoeia 
(Potassii  lodidum).  Solution  of  Iodate  of  Potassium is  also 
official  as  a  test -liquid. 

Properties.— Iodide  of  potassium  crystallizes  in  small  cubical 
crystals,  very  soluble  in  water,  less  so  in  spirit.  One  part  in  ten 
of  water  forms  "  Solution  of  Iodide  of  Potassium,''  B.  P. 

The  addition  of  charcoal  in  the  above  process  is  simply  to 
facilitate  the  removal  of  the  oxygen  of  the  iodate  of  potassium. 
Iodate  of  potassium  (KIO3)  is  analogous  in  constitution,  and 
in  composition,  so  far  as  the  atoms  of  oxygen  are  concerned,  to 
chlorate  of  potassium  (KCIO3),  which  has  already  been  stated  to 
be  more  useful  than  any  other  salt  for  the  actual  preparation  of 
oxygen  gas  itself.  Hence  the  removal  of  the  oxygen  of  the 
iodate  might  be  accomplished  by  heating  the  residue  without 
charcoal.  In  that  case  the  liberated  oxygen  would  be  detected 
on  inserting  the  incandescent  extremity  of  a  strip  of  wood  into 
the  mouth  of  the  test-tube  in  which  the  mixture  of  iodide  and 
iodate  had  been  heated.  The  charcoal,  however,  burns  out  the 
oxygen  more  quickly,  and  thus  economizes  heat  and  time. 


of  the  latter  be  employed,  slight  incandescence  rather  than  deflagration 
occurs ;  if  the  charcoal  be  largely  in  excess,  the  reduction  of  the  iodate  to 
iodide  of  potassium  is  effected  without  visible  deflagration  or  even  incan- 
descence. 

Deflagration  means  violent  burning,  from  flagratus,  burnt  {flagro,  I  burn), 
and  de,  a  prefix  augmenting  the  sense  of  the  word  to  which  it  may  be  at- 
tached. Paper  thrown  into  a  fire  simply  burns,  nitre  deflagrates.  Detonate 
{detono)  is  a  precisely  similar  word,  meaning  to  explode  with  violent  noise. 
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Note. — The  formula  of  iodide  of  potassium  (KI)  shows  that 
the  salt  contains  potassium  and  iodine  in  atomic  proportions.  A 
reference  to  the  table  of  atomic  weights  at  the  end  of  the  volume, 
and  a  rule- of- three  sum,  w^ould  therefore  show  what  weight  of 
salt  is  producible  from  any  given  weight  of  iodine. 

Detection  of  iodate  in  iodide  of  potassium, — lodate  of  potassium 
remaining  as  an  impurity  in  iodide  of  potassium  may  be  detected 
by  adding  to  a  solution  of  the  latter  salt  some  tartaric  acid, 
shaking,  and  then  adding  mucilage  of  starch;  blue  '^iodide  of 
starch  "  is  formed  if  a  trace  of  iodate  be  present,  but  not  other- 
wise. The  tartaric  acid  liberates  iodic  acid  (HIO3)  from  the 
iodate  of  potassium,  and  hydriodic  acid  (HI)  from  the  iodide  of 
potassium ;  neither  acid  alone  attacks  starch,  but  by  reaction  on 
each  other  the  two  give  rise  to  free  iodine,  which  then  forms  the 
blue  colour.  This  experiment  should  be  tried  on  a  sample  of 
pure  iodide  of  potassium  and  on  a  grain  or  two  of  the  impure 
iodide  reserved  from  the  previous  experiment. 

HIO3  +  5HI  =  3H,0  +  31,. 

Note  on  Nomenclature. — The  syllable  ide  attached  to  the  syllable 
iod  in  the  name  "  iodide  of  potassium,"  indicates  that  the  element 
iodine  is  combined  with  the  potassium.  An  iodate,  as  already 
explained,  is  a  salt  containing  the  characteristic  elements  of  iodic 
acid  and  all  iodic  compounds.  Salts,  one  of  whose  names  ends  in 
ide,  are  those  which  are,  or  may  be,  formed  from  elements.  The 
names  of  salts  which  are,  or  may  be,  formed  from  compounds  in- 
clude other  syllables,  ate  being  one  (see  page  68).  The  only  other 
syllable  is  ite,  which  is  included  in  the  names  of  salts  which  are, 
or  may  be,  formed  from  acids  and  radicals  whose  names  end  in 
ous  :  thus  hyposulph?'^^  of  sodium,  etc.  To  recapitulate  : — a  salt 
whose  name  ends  in  ate  contains  a  compound  acidulous  radical 
whose  name  ends  in  ic;  a  salt  whose  name  ends  in  ite  contains  a 
compound  acidulous  radical  whose  name  ends  in  ous  ;  a  salt  whose 
name  ends  in  ide  contains  an  element  for  its  acidulous  radical. 
Thus  mli^hide  relates  to  sulphur,  suli^hiie  to  the  sulphurous  radi- 
cal, sulphate  to  the  sulphuric  radical,  and  so  on  with  all  other 
"  ides,"  "  ites,"  or  "  ates." 

Bromide  of  Potassium  (Potassii  Bromidum,  B.  P.). — This  salt 
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is  identical  in  constitution  with  iodide  of  potassium,  and  is  made 
in  exactly  the  same  way,  bromine  being  substituted  for  iodine. 
The  formula  of  bromic  acid  is  HBrOg.  It  will  be  noticed  that 
the  following  equations  are  similar  in  character  to  those  showing 
the  preparation  of  iodide  of  potassium  : — 

6E:H0     +     3Br,    =     oKBr     +      KBrO^    +  SH^O 

Hydrate  of  Bromine.  Bromide  of  Bromate  of  Water, 

potassium.  potassium.  potassium. 

2KBr03    +      3C,     =       2KBr      +  6C0 

Bromate  of  Carbon.  Bromide  of  Carbonic 

potassium.  potassium.  oxide. 

Manganates  of  Potassium. 

Eighth  Synthetical  Reaction. — Place  a  fragment  of  solid  caustic 
potash  (KHO),  with  about  the  same  quantity  of  chlorate  of  potas- 
sium (KCIO3)  and  of  black  oxide  of  manganese  (MnO^),  on  a 
piece  of  platinum  foil  ^.  Hold  the  foil,  by  a  small  pair  of  forceps 
or  tongs,  in  the  flame  of  a  blowpipe  for  a  few  minutes  until  the 
fused  mixture  has  become  dark  green.  This  colour  is  that  of 
manganate  of  potassium  (K^MnO^). 


6KH0  +  KCIO3  +  3MnO,  = 

Hydrate  of       Chlorate  of     Black  oxide  of 
potassium.      potassium.  manganese. 


3K^MnO,  +  KCl  +  3Hp 

Manganate  of  Chloride  of  Water, 
potassium.  potassium. 


Ninth  Synthetical  Reaction. — Permanganate  of  Potassium 
(X^Mn^Og)  {Potassce  Per  many  anas,  B.  P.,  Potassii  Permanganas, 
JJ.  S.  P.),  which  is  purple,  is  obtained,  or  rather  a  solution  of  it, 
on  placing  the  foil  and  its  adherent  mass  in  water,  and  boiling 
for  a  short  time. 

3K^MnO,  +    2H^0    =     K^Mn^O^    +    4KH0  -f  MnO^ 

Manganate  of  Water.  Permanganate  Hydrate  of      Black  oxide 

potassium.  of  potassium.  potassium.     of  manganese. 

*  The  foil  may  be  1  in.  broad  by  2  in.  long.  No  ordinary  flame  will  melt 
the  platinum,  fused  caustic  alkahes  only  slowly  corrode  it,  and  very  few 
other  chemical  substances  affect  it  at  all ;  hence  the  same  piece  may  be  used 
in  experiments  over  and  over  again.  Most  metals  form  a  fusible  alloy 
with  platinum,  and  phosphorus  rapidly  attacks  it ;  hence  such  substances,  as 
well  as  mixtures  likely  to  yield  them,  should  be  heated  in  a  small  porcelain 
crucible. 
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On  the  large  scale,  the  potash  set  free  in  the  reaction  is 
neutralized  by  sulphuric  or  carbonic  acid,  and  the  solution  evapo- 
rated to  the  crj^stallizing  point.  Further  details  will  be  given  in 
connexion  with  manganese. 

Solutions  of  manganate  or  permanganate  of  potassium  and  of 
sodium  so  readily  yield  their  oxygen  to  organic  matter,  that  they 
are  used  on  the  large  scale  as  disinfectants,  under  the  name  of 

Condy's  Disinfecting  Eluids." 

Synthetical  Reactions  bringing  under  consideration  the  remain- 
ing official  compounds  (namely,  bichromate,  arsenite,  chlorate, 
cyanide,  ferrocyanide,  and  ferridcyanide  of  potassium)  are  deferred 
at  present. 

(h)  Reactions  having  Analytical  Interest  (Tests). 

Note. — These  are  reactions  utilized  in  searching  for  small 
quantities  of  a  substance  (in  the  present  instance  potassium)  in 
a  solution.  They  are  best  performed  in  test-tubes  or  other  small 
vessels.  Each  should  be  expressed,  in  the  form  of  an  equation 
or  diagram,  in  the  student's  note-book.  All  previous  or  future 
equations  given  in  this  volume  should  he  transferred  to  the  note- 
book in  the  form  of  diagrams,  constructed  as  described  on  pages 
58  to  60,  unless  the  student  can  with  ease  construct  equations 
without  the  aid  of  the  Manual. 

First  Analyticcd  Reaction  *. — To  a  solution  of  any  salt  of  po- 

*  As  already  indicated,  chemical  reactions  are  scarcely  analytical  or  syn- 
thetical in  themselves,  but,  rather,  performed  with  an  analytical  or  synthe- 
tical object.  Indeed  not  unfrequently  one  and  the  same  reaction  is  both  a 
synthetical  and  an  analytical  reaction.  Thus  this  first,  so  called,  "  analytical 
reaction  "  is  a  synthetical  reaction  if  performed  with  the  object  of  preparing 
a  specimen  of  the  double  chloride  of  platinum  and  potassium.  It  is  an 
analytical  reaction,  or,  rather,  has  analytical  interest,  if  performed  with  the 
object  of  demonstrating  the  presence  of  potassium.  Chemical  reactions  in 
themselves  are  operations,  not  so  much  of  analysis  (resolution)  or  synthesis 
(combination)  or  of  analysis  and  synthesis  conjoined,  as  of  what  has  some- 
times been  termed  metathesis  (transposition).  Molecules  are  not  torn  to 
atoms  in  an  operation  performed  with  an  analytical  object,  nor  are  the 
atoms  put  together  or  set  together  in  an  operation  (perhaps  the  same  opera- 
tion) performed  with  a  synthetical  object ;  but  in  both  operations  the  atoms 
of  the  molecules  undergo  metathesis,  that  is  exchange  places,  or  are  trans- 
posed. In  short,  chemists  use  the  words  "analytical" and  "synthetical"  in  a 
conventional  rather  than  a  strictly  etymological  sense. 
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tassium  (cUoride  *,  for  example)  add  a  few  drops  of  hydro- 
chloric acid  and  of  a  solution  of  perchloride  of  platinum  (PtCl^), 
and  stir  the  mixture  with  a  glass  rod;  a  yellow  granular  or 
slightly  crystalline  precipitate  f  slowly  forms.  (This  precipitate  is 
the  double  chloride  of  platinum  and  potassium,  and  its  composition 
is  expressed  by  the  formula  PtCl^,  2KC1.) 

Memoranda. — Experiments  with  such  expensive  reagents  as 
perchloride  of  platinum  are  economically  performed  in  watch- 
glasses,  drops  of  the  liquids  being  operated  on.  When  the  pre- 
cipitate is  long  in  forming,  it  is  sometimes  of  an  orange-yellow 
tint.  If  iodide  of  potassium  happen  to  be  the  potassium  salt 
under  examination,  some  iodide  of  platinum  (Ptl^)  will  also  be 
formed,  giving  a  red  colour  to  the  solution,  and  a  larger  quantity 
of  the  precipitant  (that  is,  the  precipitating  agent)  be  required. 

Precaution. — Only  chloride  of  potassium  forms  this  character- 
istic compound :  hence,  if  the  potassium  salt  in  the  solution  is 
known  not  to  be  a  chloride,  or  if  its  composition  is  unknown,  a 
few  drops  of  hydrochloric  acid  must  be  added,  otherwise  some  of 
the  perchloride  of  platinum  will  be  utilized  for  its  chlorine  only, 
the  platinum  being  wasted.  Thus,  if  nitrate  of  potassium  (KE^Oy) 
be  present,  a  few  drops  of  hydrochloric  acid  enable  the  potassium 
to  assume  the  form  of  chloride  when  the  perchloride  of  platinum 
is  added,  nitric  acid  (HK'Og)  being  set  free. 

Explanation. — The  precipitate  is,  practically,  insoluble  in 
water.  It  is  for  this  reason  that  a  very  small  quantity  of  any 
soluble  potassium  salt  (or,  rather,  of  the  potassium  in  that  salt) 
is  thrown  out  of  solution  by  perchloride  of  platinum. 

Note  on  Nomenclature, — When  distinct  molecules  of  salts  unite 
and  form  a  single  crystalline  compound,  the  product  is  termed  a 
double  salt.  The  double  chloride  of  potassium  and  platinum  is 
such  a  body. 

Acid  Tartrate  of  Potassium. 

Second  Analytical  Reaction. — To  a  solution  of  any  salt  of 

^  A  few  fragments  of  carbonate  of  potassium,  two  or  three  drops  of  hydro- 
chloric acid,  and  a  small  quantity  of  water,  give  a  solution  of  chloride  of 
potassium  at  once,  K2C03-i-2HCl=2KCl-f-H20-f  CO^. 

t  By  ^reci'pitation  (from  prcecipitare,  to  throw  down  suddenly)  is  simply 
meant  the  formation  of  particles  of  solid  in  a  liquid,  no  matter  whether  the 
solid,  the  jprecijpitate,  subsides  or  floats. 
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potassium  add  excess  of  strong  solution  of  tartaric  acid  (H^C^H^Og), 
and  shake  or  well  stir  the  mixture ;  a  white  granular  precipitate 
of  acid  tartrate  of  potassium  (KHC^H^Og)  will  be  formed. 

Note. — By  excess  "  of  any  test  liquid  (such  as  the  "  solution 
of  tartaric  acid"  just  mentioned)  is  meant  such  a  quantity  as  is 
probably  rather  more  than  sufficient  to  convert  the  whole  weight 
of  the  compound  attacked  into  the  compound  produced.  Thus, 
in  the  present  case  enough  acid  must  be  added  to  convert  the 
whole  of  the  potassium  salt  operated  on  into  acid  tartrate  of  po- 
tassium. What  the  weight  of  salt  operated  on  was  must  be 
mentally  estimated,  roughly,  by  the  operator.  It  is  not  neces- 
sary in  analyzing  to  know  the  exact  weights  of  salts  employed. 
The  analyst  must  use  his  judgment,  founded  on  his  knowledge 
of  the  reaction  (as  shown  by  an  equation),  and  of  the  molecular 
weights  of  the  substances  employed  in  the  reaction,  as  well  as  by 
the  rough  estimate  of  the  amount  of  material  on  which  he  is 
experimenting. 

Limits  of  the  Test. — Acid  tartrate  of  potassium  is  soluble  in 
about  180  parts  of  cold  and  in  6  parts  of  boiling  water.  Hence, 
in  applying  the  tartaric  test  for  potassium,  the  solutions  must  not 
be  hot.  Even  if  cold,  no  precipitate  will  be  obtained  if  the  solu- 
tions are  very  dilute.  This  test,  therefore,  is  of  far  less  value 
than  the  first  mentioned.  The  acid  tartrate  of  potassium  is  less 
soluble  in  diluted  alcohol  than  in  water ;  so  that  the  addition  of 
spirit  of  wine  renders  the  reaction  somewhat  more  delicate. 

Cream  of  Tartar. — The  precipitate  is  the  Potassce  Tartras  Adda 
of  the  British  Pharmacopoeia  (Fotassii  Bitartras,  U.  S.  P.),  though 
the  official  preparation  is  not  formed  in  the  above  manner ;  on 
the  contrary,  the  acid  is  derived  from  the  salt,  which  occurs 
naturally  in  the  juice  of  many  plants. 

Third  Analytical  Eeaction. — The  Jlame-test.  Dip  the  looped 
end  of  a  platinum  wire  into  a  solution  containing  a  potassium 
salt,  and  introduce  the  loop  into  the  lower  part  of  a  spirit-flame, 
the  flame  of  a  mixture  of  gas  and  air,  a  blowpipe-flame,  or  other 
slightly  coloured  flame.  A  light  violet  or  lavender  tint  will  be 
communicated  to  the  flame,  an  efl'ect  highly  characteristic  of  salts 
of  potassium. 

Fourth  Analytical  Fact. — Salts  of  potassium  are  not  volatile. 
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Place  a  fragment  of  carbonate,  nitrate,  or  any  other  potassium 
salt,  on  a  piece  of  platinum  foil,  and  heat  the  latter  in  the  flame 
of  a  lamp ;  the  salt  may  fuse  to  a  transparent  liquid  and  flow 
freely  over  the  foil,  water  also  if  present  will  escape  as  steam,  and 
black  carbon  be  set  free  if  the  salt  happen  to  be  a  tartrate,  citrate, 
&c. ;  but  the  potassium  compound  itself  will  not  be  vaporized. 
This  is  a  valuable  negative  property,  as  will  be  evident  when 
the  analytical  reactions  of  ammonium  come  under  notice. 


QUESTIONS  Am  EXERCISES. 

70.  l^ame  the  sources  of  potassium.'' 

71.  Give  the  source,  formula,  and  characters  of  Carbonate  of 
Potassium. 

72.  Distinguish  between  synthetical  and  analytical  reactions. 

73.  How  is  the  official  Liquor  Potassce  prepared  ? 

74.  What  is  the  systematic  name  of  Caustic  Potash? 

75.  State  the  chemical  formula  of  Caustic  Potash. 

76.  Construct  an  equation  or  diagram  expressive  of  the  re- 
action between  carbonate  of  potassium  and  slaked  lime. 

77.  Define  a  hydrate, 

78.  What  group  of  atoms  is  characteristic  of  all  carbonates 

79.  Define  the  term  radical. 

80.  How  is  Sulphurated  Potash  "  made,  and  of  what  salts  is 
it  a  mixture  ? 

81.  What  is  the  formula  of  the  acetic  radical — the  radical  of 
all  acetates  ? 

82.  Draw  a  diagram  showing  the  formation  of  Acetate  of  Po- 
tassium. 

83.  Give  a  general  process  for  the  conversion  of  carbonates 
into  other  salts. 

84.  What  is  the  difference  between  Carbonate  and  Bicarbonate 
of  Potassium  ?  How  is  the  latter  prepared  ? 

85.  What  is  the  relation  between  salts  whose  specific  names 
end  in  the  syllable  "  ate,^^  and  acids  ending  in  "  ic  "  ? 

86.  Draw  out  diagrams  or  equations  descriptive  of  the  forma- 
tion of  Tartrate  of  Potassium  from  the  Acid  Tartrate,  and  Citrate 
from  the  Carbonate  of  Potassium. 

87.  Distinguish  between  a  normal  and  an  acid  salt. 
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88.  How  is  Iodide  of  Potassium  made  ?  Illustrate  the  process 
either  by  diagrams  or  equations. 

89.  Describe  the  appearance  and  chemical  properties  of  iodide 
of  potassium. 

89a.  How  much  iodide  of  potassium  is  producible  from  1000 
grains  of  iodine  ?  Ans.  1307  grains. 

90.  Give  a  method  for  the  detection  of  iodate  in  iodide  of 
potassium.    Explain  the  reaction. 

91.  Has  the  syllable  '^ide^'  any  general  signification  in  che- 
mical nomenclature  ? 

92.  "What  is  the  difference  between  sulphides,  sulphites,  and 
sulphates  ? 

93.  Mention  the  chemical  relations  of  Bromide  to  Iodide  of 
Potassium. 

94.  Describe  the  formation  of  Permanganate  of  Potassium, 
giving  equations  or  diagrams, 

95.  How  do  manganate  and  permanganate  of  potassium  act  as 
disinfectants  ? 

96.  Enumerate  the  tests  for  potassium,  explaining  by  diagrams 
or  equations  the  various  reactions  which  occur. 

SODIUM. 

Symbol  N'a.    Atomic  weight  23. 

Eormula  Ka^.    Probable  molecular  weight  46. 

Memoranda. — Most  of  the  sodium  salts  met  with  in  pharmacy 
are  obtained  directly  from  carbonate  of  sodium,  which  is  now 
manufactured  on  an  enormous  scale  from  chloride  of  sodium 
(common  salt,  sea-salt  or  bay-salt,  or  rock-salt),  the  natural 
source  of  the  sodium  salts.  When  pure,  salt  (Sodii  Ohloridum 
P.P.) occurs  "in  small  white  crystalline  grains,  or  transparent  cubic 
crystals,  free  from  moisture the  best  varieties  commonly  contain 
a  little  chloride  of  magnesium,  and  sometimes  other  impurities 
Besides  the  direct  and  indirect  use  of  carbonate  of  sodium,  or  car- 
bonate of  soda,  as  it  is  commonly  called,  in  medicine,  it  is  largely 
used  for  household  cleansing-purposes,  under  the  name  of  soda," 
and  in  the  manufacture  of  soap.  Mtrate  of  sodium  also  occurs  in 
nature,  but  is  valuable  for  its  nitric  constituents  rather  than  its 
sodium.  Sodium  is  a  constituent  of  about  forty  chemical  or 
Galenical  preparations  of  the  British  Pharmacopoeia. 

Sodium  is  prepared  by  a  process  similar  to  that  for  potassium 
but  with  less  difficulty.    Its  atom  is  univalent,  ISTa'. 
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Reactions  having  (a)  Synthetical  and  (b)  Analytical  Interest. 
(a)  Reactions  having  Synthetical  Interest, 

Hydrate  of  Sodium.    Caustic  Soda. 
First  Synthetical  Reaction, — The  formation  of  solution  of  hy- 
drate of  sodium  or  caustic  soda,  ]N"aIIO  {Liquor  Soclce,  B.  P.). 
This  operation  resembles  that  of  making  solution  of  potash,  already 
described. 

The  practical  student  should  refer  to  the  remarks  made  con- 
cerning solution  of  potash,  applying  them  to  solution  of  soda. 
He  may  perform  the  corresponding  experiments  or  omit  them, 
as  he  considers  he  does  or  does  not  clearly  comprehend  all  they 
are  designed  to  teach. 

I^a^COg  +  Ca2TI0  =  ST^aHO  -f-  CaC03. 

Carbonate  Hydrate  of  Hydrate  of  Carbonate 
of  sodium.  calcium.  sodium.  of  calcium. 

Pare  Solution  of  Soda  free  from  any  trace  of  alumina  may  be 
prepared  by  shaking  in  a  Winchester  quart,  once  every  20  or 
30  minutes  for  5  or  6  hours,  14  oz.  of  crystals  of  carbonate  of 
sodium  and  8  oz.  of  good  recently  slaked  lime.  The  official  Liquor 
SodcE  is  made  from  28  ounces  of  crystals  of  carbonate  of  sodium, 
12  of  slaked  lime,  and  1  gallon  of  water,  under  precisely  similar 
circumstances  to  those  detailed  for  IJquor  Potassce  (p.  63).  If 
the  solution  be  evaporated  to  dryness,  and  the  residue  fused  and 
poured  into  moulds,  solid  hydrate  of  sodium  (Soda  Caustica, 
B.  P.)  is  obtained.  Common  and  cheap  caustic  soda  is  now 
largely  employed  in  manufactures.  It  is  a  by-product  in  the 
preparation  of  carbonate  of  sodium,  and  though  highly  useful  as 
a  chemical  agent  is  too  impure  for  use  in  medicine. 

Action  o  f  Sodium  on  Water. — Sodium,  like  potassium,  decom- 
poses water,  with  production  of  hydrate  of  sodium  and  hydrogen  ; 
but  unless  the  sodium  is  confined  to  one  spot,  by  placing  it  on  a 
small  floating  piece  of  filter-paper,  the  action  is  not  sufficiently 
intense  to  cause  ignition  of  the  escaping  hydrogen.  When  the 
latter  does  ignite,  it  burns  with  a  yellow  flame,  due  to  the  pre- 
sence of  a  little  vapour  of  sodium. 

Second  Synthetical  Reaction. — The  reaction  of  sulphur  and 
carbonate  of  sodium  at  a  high  temperature  resembles  that  of 
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sulphur  and  carbonate  of  potassium ;  but  as  tbe  product  is  not 
used  in  medicine  the  experiment  may  be  omitted.  It  is  men- 
tioned here  to  draw  attention  to  the  close  resemblance  of  the 
potassium  salts  to  those  of  sodium. 

Acetate  of  Sodium, 

TMrd  Synthetical  Reaction. — Add  the  powder  or  fragments  of 
carbonate  of  sodium  (l^SifiO^^  to  some  strong  acetic  acid  in  a  test- 
tube  or  evaporating-basin  as  long  as  effervescence  occurs,  and 
then  evaporate  some  of  the  water*.  When  the  solution  is  cold, 
crystals  of  acetate  of  sodium  (NaC^HgO^jSH^O)  (Soclce  Acetas,  B.  P., 
JSodii  Acetas,  TJ.  S.  P.)  will  be  deposited.  A  ten  per  cent,  solu- 
tion in  distilled  water  forms  the  "  Solution  of  Acetate  of  Soda," 
B.  P. 

l^a.COg  -1-  2HC,H30,  =  SNaC^HgO,  +  H,0  -[-  CO, 

Carbonate  Acetic  Acetate  of  Water.  Carbonic 

of  sodium.  acid.  sodium.  acid  gas. 

Acetate  of  sodium  effloresces  in  dry  air,  and  loses  all  its 
water  of  crystallization  when  gently  heated.     It  supports 
temperature  of  270°  P.  or  280°  without  decomposition,  but  above 
300°  soon  chars. 

Bicarbonate  of  Sodium. 

Fourth  Synthetical  Reaction, — The  action  of  carbonic  acid 
(H^COg),  or  carbonic  acid  gas  (CO,)  and  water  (H^O),  on  car 
bonate  of  sodium  (Na^COg).    This  resembles  that  of  carbonic 
acid  on  carbonate  of  potassium,  but  is  applied  in  a  difFeren 
manner.    The  result  is  bicarbonate  of  sodium  (N'aHCOg)  {Sodce 
Bicarhonas,  B.  P.,  Soclii  Bicarhonas,  U.  S.  P.). 

l^a^COg  +  H,0  +  CO,  =  2XaHC03 

Carbonate  Water.  Carbonic  Bicarbonate 
of  sodium.  acid  gas.         of  sodium. 

Process. — Heat  crystals  of  carbonate  of  sodium  in  a  porcelai 

*  The  "  water  "  alluded  to  occurs  in  the  acid,  which,  though  commonl 
termed  "  acetic  acid,"  is  really  a  solution  of  that  acid  in  water. 
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crucible  until  no  more  steam  escapes.  Eub  the  product,  in  a 
mortar,  with  two  thirds  its  weight  of  more  of  the  crystals,  and 
place  the  powder  in  a  test-tube  or  small  bottle  into  which  carbonic 
acid  gas  may  be  conveyed  by  a  tube  passing  through  a  cork  and 
terminating  *at  the  bottom  of 
the  vessel.  To  generate  the 
carbonic  acid  gas  fill  a  test- 
tube  having  a  small  hole  in  the 
bottom  (or  a  similar  piece  of 
glass  tubing,  of  which  one  end 
is  plugged  by  a  grooved  cork) 
with  fragments  of  marble,  insert 
a  cork  and  delivery-tube,  and 
connect  the  latter  with  the  similar  tube  of  the  vessel  containing 
the  carbonate  of  sodium  by  a  piece  of  india-rubber  tubing.  Wow 
plunge  the  tube  of  marble  into  a  test-glass,  or  other  vessel,  con- 
taining a  mixture  of  one  part  hydrochloric  acid  and  2  parts 
water,  and  loosen  the  cork  of  the  carbonate-of-sodium  tube  until 
carbonic  acid  gas,  generated  in  the  marble  tube,  may  be  con- 
sidered to  fill  the  whole  arrangement ;  then  replace  the  cork 
tightly  and  set  the  apparatus  aside.  As  the  gas  is  absorbed  by 
the  carbonate  of  sodium,  hydrochloric  acid  rises  into  the  marble 
tube,  generates  fresh  gas,  which,  in  its  turn,  drives  back  the  acid 
liquid,  and  thus  prevents  the  production  of  any  more  gas  until 
further  absorption  has  occurred.  "When  the  salt  is  wholly  con- 
verted into  bicarbonate  (IS'aHCOg),  it  will  be  found  to  have 
become  damp  through  the  hberation  of  water  from  the  crys- 
tallized carbonate  (N^a^COg,  lOH^O).  (It  would  be  inconveniently 
moist,  even  semifluid,  if  a  part  of  the  carbonate  had  not  previously 
been  rendered  anhydrous.)  To  purify  the  resulting  bicarbonate 
from  any  carbonate  or  traces  of  other  salts,  add  half  its  bulk  of 
cold  distilled  water,  set  aside  for  about  half  an  hour,  shaking 
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occasionally,  drain  the  undissolved  portion,  and  dry  it  by  exposure 
on  filtering  paper. 

This  is  the  official  process  for  Sodce  Bicarhonas,  B.  P.  The  ar- 
rangement of  apparatus  is  also  that  adopted  in  the  Pharmacopoeia 
for  Potassce  Bicarhonas,  one  part  of  carbonate  dissolved  in  two 
and  a  half  parts  of  water  being  subjected  to  the  action  of  the  gas, 
and  not  the  solid  carbonate  as  in  the  case  of  the  sodium  salt. 

A  crystal  of  carbonate  of  sodium  is  carbonate  of  sodium  plus 
water ;  on  heating  it,  more  or  less  of  the  water  is  evolved,  and 
anhydrous  carbonate  of  sodium  is  partially  or  wholly  produced 
(Sodce  Carhonas  Exsiccata,  B.P.,  Sodii  Carhonas  Exsiccata,  U.S. P.). 

E"a,C03,  lOHp  -  lOH.O  =  mfO^ 

Crystallized  carbonate  Water.        Dried  carbonate 

of  sodium.  of  sodium. 

JSFote  on  Nomenclature. — Anhydrous  bodies  (from  a,  and  vhop, 
hudor,  i.  e.  without  water)  are  compounds  from  which  water  has 
been  taken,  but  whose  essential  chemical  properties  are  unaltered. 
Salts  containing  water  are  hydrous  bodies ;  of  these  the  larger 
portion  are  crystalline,  and  their  water  is  then  termed  tvater  of 
crystallization.  JN'on -crystalline  hydrous  compounds  were  for- 
merly spoken  of  as  hydrated  substances  ;  hydrates  are,  however, 
a  distinct  class  of  bodies,  salts  derived  from  water  by  one  half  of 
its  hydrogen  becoming  displaced  by  an  equivalent  quantity  of 
another  radical.  Anhydrides  form  still  another  distinct  class  of 
chemical  substances  ;  they  are  derived  from  acids ;  in  short  they 
are  acids  from  which,  not  exactly  water  as  water,  but  the 
elements  of  water  have  been  removed,  the  essential  chemical 
(acid)  properties  being  thereby  greatly  altered.  (Eor  illustrations, 
see  Index,  "  Anhydrides.") 

Water  of  Crystallization. — The  water  in  crystallized  carbonate 
of  sodium  is  in  the  solid  condition,  and,  like  ice  and  other  fusible 
substances,  requires  heat  for  its  liquefaction.  Many  salts 
(freezing-mixtures)  when  dissolved  in  water  give  a  very  cold 
solution.  This  is  because  they  and  their  solid  water,  if  they 
have  any,  are  then,  absorbing  some  heat  from  surrounding  media, 
converted  into  liquids.  Take  away  from  water  some  of  its  heat,  the 
result  is  ice.  Give  to  ice  (at  32°  P.)  more  heat  than  it  contains 
already,  the  result  is  water  (still  at  32°  P.).  (Heat  thus  taken 
into  a  substance  without  increasing  its  temperature  is  said  to 
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become  latent — from  latens,  hiding  ;  it  is  no  longer  discoverable 
by  the  sense  of  touch  or  the  thermometer.  The  term  latent 
gives  a  somewhat  incorrect  idea,  however,  of  the  process ;  for  our 
knowledge  of  the  extent  and  readiness  with  which  one  form  of 
force  is  convertible  into  another  renders  highly  probable  the  as- 
sumption that  heat  is  in  these  cases  converted  into  motion,  the 
latter  enabling  the  molecules  of  a  solid  to  take  up  the  new  posi- 
tions demanded  by  their  liqu.id  condition.)  The  only  apparent 
difference  between  ice  and  the  water  in  such  crystals  as  carbonate 
of  sodium  is  that  ice  is  solid  water  in  the  free,  and  water  of 
crystallization  solid  water  in  the  combined  state.  The  former 
can  only  exist  at  and  below  freezing,  the  latter  at  ordinary  tem- 
peratures. In  chemical  formuloe,  the  symbols  representing  water 
are  usually  separated  by  a  comma  from  those  representing  salts. 
The  crystals  of  acetate  of  sodium  (of  the  third  reaction)  contain 
water  in  this  loose  state  of  combination — water  of  crystallization 
(.T^aC;H30^,  m.p). 

Soda-water. — A  solution  of  bicarbonate  of  sodium  in  water 
charged  with  carbonic  acid  gas  under  pressure  constitutes  the 
official  Liquor  Sodm  Effervescens.  E.  P.,  and,  like  the  potash- 
water"  of  the  shops,  is  a  true  medicine,  an  antacid.  Ordinary 
soda-water,"  however,  is  in  many  cases  simply  a  solution  of 
carbonic  acid  gas  in  water,  and  would  be  more  appropriately 
termed  aerated  water  "  :  any  medicinal  effect  it  may  possess  is 
due  to  the  sedative  influence  of  its  carbonic  acid  gas  on  the  coats 
of  the  stomach.  At  common  temperatures  water  dissolves  about 
its  own  volume  of  carbonic  acid  gas,  both  being  under  the  same 
pressure.  One  pint  of  the  official  soda-water  contains  30  grains 
of  bicarbonate  of  sodium  and  a  pint  of  carbonic  acid  gas  ;  but  the 
solution  is  under  a  pressure  of  seven  atmospheres,  so  that  seven 
pints  of  the  gas  at  ordinary  atmospheric  pressure  are  required  for 
the  quantity  mentioned. 

Solubility  of  gases  in  water. — Whatever  the  weight  and  volume 
of  a  gas  dissolved  by  a  liquid  at  ordinary  atmospheric  pressure, 
that  weight  is  doubled  by  double  pressure,  the  two  volumes  of 
gas  thereby  being  reduced  to  one,  trebled  at  treble  pressure,  the 
three  volumes  of  gas  being  reduced  to  one,  quadrupled  at  qua- 
druple pressure,  the  four  volumes  of  gas  being  reduced  to  one,  and 
so  on.  This  is  a  general  law  regarding  the  solubility  of  gases  in 
liquids  under  given  temperatures.  An  average  bottle  of  "  soda- 
water  "  contains  about  four  times  the  weight  of  carbonic  acid  gas 
which  can  exist  in  it  without  artificial  pressure  ;  so  that  on  re- 
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moving  its  cork  three  times  its  bulk  escapes,  its  own  bulk  remain- 
ing dissolved. 

Note. — Bicarbonate  of  sodium  may  also  be  medicinally  ad- 
ministered in  the  form  of  lozenge  (TrocJiisci  Sodce  Bicarhonatis, 
B.  P.). 

Tartrate  of  Potassium  and  Sodium. 

Fifth  Synthetical  Reaction. — To  some  hot  strong  solution  of 
carbonate  of  sodium  (about  three  parts),  in  a  test-tube  or  larger 
vessel,  add  acid  tartrate  of  potassium  (about  four  parts)  till  no 
more  effervescence  occurs ;  when  the  solution  is  cold,  crystals  of 
the  tartrate  of  potassium  and  sodium  (Soda  Tartarata,  B.  P., 
Fotassii  et  Sodii  Tartras,  TJ.  S.  P.),  the  old  Rochelle  Salt,  will 
be  deposited  (KNaC^^fi^^A^fi).  The  crystals  are  usually  halves 
of  right  rhombic  prisms. 

Na^CO,  +  2E:HC,H,0,  =  2KlTaC,H,0,  +  H,0  +  CO, 

Carbonate  Acid  tartrate         Tartrate  of  potassium      Water.  Carbonic 

of  sodium.  of  potassium.  and  sodium.  acid  gas. 

POEMTJL^  OP  TaETEATES. 

Tartaric  acid   HH  C^H^^ 

Acid  tartrate  of  potassium    KH  C^H^Og 

Tartrate  of  potassium  and  sodium .  .  KNaC^H^Og 

Yery  close  analogy  will  be  noticed  in  the  constitution  of  the 
molecules  of  these  salts.  When  the  other  tartrates  come  under 
notice  it  will  be  found  that  they  also  have  a  similar  constitution. 

Hypochlorite  of  Sodium. 

Sixth  Synthetical  Reaction. — Pass  chlorine  (vide  page  18)  into 
a  solution  of  carbonate  of  sodium.  The  result  is  a  bleaching  and 
disinfecting  liquid,  which,  when  made  of  prescribed  streugth  (12 
ounces  of  carbonate  in  36  of  water,  charged  by  the  washed  chlo- 
rine from  15  fluid  ounces  of  hydrochloric  acid  and  4  ounces  of 
black  oxide  of  manganese),  is  the  Solution  of  Chlorinated  Soda 
(Liquor  Sodce  Chloratce)  of  the  Pharmacopoeia.    It  is  said  to 
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contain  chloride  of  sodium  (NaCl)  and  hypochlorite  of  sodium 
(T^aClO),  with  some  bicarbonate  of  sodium. 

MnO,    +    4HC1    =    MnCl,    +    211^0    +  Cl^ 

Blk.  oxide  of      Hydrochloric        Chloride  of  Water.  Chlorine, 

manganese.  acid.  manganese. 

jSTa^COg    +    Cl^    =    NaCl,J^aC10    +  CO^ 

Carbonate  of         Chlorine.  Chlorinated  Carbonic 

sodium.  soda.  acid  gas. 


Other  Sodiiim  Compounds. 

Synthetical  Reactions  portraying  the  chemistry  of  the  remaining 
official  compounds  (namely  nitrate,  sulphate,  hyposulphite,  borate, 
arseniate,  and  valerianate  of  sodium)  are  deferred  until  the  several 
acidulous  radicals  of  these  salts  have  been  described. 

Phosphate  of  Sodium. — The  preparation  and  composition  of 
this  salt  will  be  most  usefully  studied  after  bone-ash,  the  source 
of  it  and  other  phosphates,  has  been  described.  Eone-ash  is 
phosphate  of  calcium  (see  page  113). 

The  official  Citro-Tartrate  [Sodce  Citro-tartras  Effervescens)  is 
a  mixture  of  bicarbonate  of  sodium  (17  parts),  citric  acid  (6), 
and  tartaric  acid  (8),  heated  (to  200°P.  or  220°)  until  the  particles 
aggregate  to  agranular  condition.  When  required  for  medicinal 
use,  a  dose  of  the  mixture  is  placed  in  water ;  escape  of  carbonic 
acid  gas  at  once  occurs,  and  an  effervescing  licpid  results.  This 
substance  may  be  regarded  as  the  official  representative  of  the 
popular  "  Effervescing  Citrate  of  Magnesia,"  which  will  be  further 
noticed  in  connexion  with  the  salts  of  magnesium  (page  124). 

Soda  Powders  {Pidveres  JEffervescentes,  U.  S.  P.)  are  formed  of 
30  grains  of  bicarbonate  of  sodium  and  25  of  tartaric  acid, 
wrapped  separately  in  papers  of  different  colours.  When  mixed 
with  water  carbonic  acid  gas  escapes,  and  tartrate  of  sodium 
(Na^C^H^Og)  results,  a  little  bicarbonate  also  remaining. 

In  the  manufacture  of  Carbonate  of  Sodium  from  chloride,  the 
source  of  the  sodium  is  chloride  of  sodium,  and  of  the  carbonic 
radical  carbonate  of  calcium  in  the  form  of  limestone.  The 
chloride  is  first  converted  into  sulphate,  the  sulphate  is  then  roasted 
with  coal  and  limestone,  and  the  resulting  hlacJc-ash  lixiviated. 
(Lixivia,  from  lix^  lye — water  impregnated  with  alkaline  salts  : 
hence  lixiviation^  the  operation  of  washing  a  mixture  with  the 
view  of  dissolving  out  salts.)    The  lye,  evaporated  to  dryness, 
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yields  crude  earl)onate  of  sodium  (soda-ash).  THs  process  will 
be  further  described  in  connexion  with  Carbonates. 


Deliquescence  and  Efflorescence. — The  carbonates  of  sodium  and 
potassium,  chemically  closely  allied,  are  readily  distinguished  phy- 
sically. Carbonate  of  potassium  quickly  absorbs  moisture  from 
the  air  and  becomes  damp,  wet,  and  finally  fluid — it  is  cleli- 
qiiescent  (cleliquescens,  melting  away).  Carbonate  of  sodium,  on 
the  other  hand,  yields  some  of  its  water  of  crystallization  to  the 
air,  the  crystals  becoming  white,  opaque,  and  pulverulent — it  is 
efflorescent  (efflorescens,  blossoming  forth). 

Analogy  of  Sodium  salts  to  Potassium  salts, — Other  sj^nthetical 
reactions  might  be  described  similar  t,o  those  given  under  potas- 
sium, and  thus  citrate,  iodide,  bromide,  iodate,  bromate,  chlorate, 
manganate,  and  permanganate  of  sodium,  and  many  other  salts 
be  formed.  But  enough  has  been  stated  to  show  how  chemically 
analogous  sodium  is  to  potassium.  Such  analogies  will  constantly 
present  themselves.  In  few  departments  of  knowledge  is  order 
and  method  more  perceptible  ;  in  few  is  there  as  much  natural 
law,  as  much  science,  as  in  chemistry. 

Substitution  o  f  Potassium  and  Sodium  salts  for  each  oilier. — 
iSodium  salts  being  cheaper  than  potassium  salts,  the  former  may 
sometimes  be  economically  substituted.  That  one  is  employed 
rather  than  the  other,  is  often  merely  a  result  due  to  accident 
or  fashion.  But  it  must  be  borne  in  miud  that  in  some  cases  a 
potassium  salt  will  crystallize  more  readily  than  its  sodium  ana- 
logue, or  that  a  sodium  salt  is  stable  when  the  corresponding 
potassium  salt  has  a  tendency  to  absorb  moisture,  or  one  may  be 
more  soluble  than  the  other,  or  the  two  may  have  different 
medicinal  effects.  Por  these  or  similar  reasons,  a  potassium  salt 
has  come  to  be  used  in  medicine  or  trade  instead  of  the  cor- 
responding sodium  salt,  and  vice  versa.  Whenever  the  acidulous 
portion  only  is  to  be  utilized,  the  least  expensive  salt  of  the  class 
would  nearly  always  be  selected. 

(5)  Reactions  having  Analytical  Interest. 
1.  The  chief  analytical  reaction  for  sodium  is  the  flame-test. 
When  brought  into  contact  with  a  flame  in  the  manner  described 
under  potassium  (page  76),  an  intensely  yellow  colour  is  com- 
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municated  to  the  flame  by  any  salt  of  sodium.  This  is  highly 
characteristic — indeed,  almost  too  delicate  a  test ;  for  if  the  point 
of  the  wire  be  touched  by  the  fingers,  enough  salt  (which  is  con- 
tained in  the  moisture  of  the  hand)  adheres  to  the  wire  to  com- 
municate a  very  distinct  sodium  reaction.  These  statements 
should  be  experimentally  verified,  the  chloride,  sulphate,  or  any 
other  salt  of  sodium  being  employed. 

2.  Precipitant  of  sodium. — Sodium  is  the  only  metal  whose 
common  salts  are  all  soluble  in  water.  Hence  no  ordinary  re- 
agent can  be  added  to  a  solution  containing  a  sodium  salt  which 
shall  give  a  precipitate  containing  the  sodium,  A  neutral  or 
alkaline  solution  of  a  sodium  salt  gives,  however,  a  granular  pre- 
cipitate of  antimoniate  of  sodium  (IN'a^IIgSb^O^,  QHJd)  if  well 
stirred  or  shaken  with  a  solution  of  antimoniate  of  potassium 
(K^H^Sb^O^).  But  the  reagent  precipitates  other  metals,  and  is 
liable  to  decompose  and  become  useless,  and  hence  is  seldom 
employed. 

Antimoniate  of  potassium  is  made  by  adding,  gradually,  finely 
powdered  metallic  antimony  to  nitrate  of  potassium  fused  in  a 
crucible  so  long  as  deflagration  continues.  The  resulting  mass 
is  boiled  with  a  large  quantity  of  water,  the  solution  filtered 
and  preserved  in  a  well- stoppered  bottle ;  for  the  carbonic  gas  in 
the  air  is  rapidly  absorbed  by  the  solution,  antimonic  acid  being 
deposited. 

3.  Sodium  salts,  like  those  of  potassium,  are  not  volatile. 
Prove  this  fact  by  the  means  described  when  treating  of  the  effect 
of  heat  on  potassium  salts  (p.  77). 


QUESTIO^s'S  AND  EXERCISES, 

97.  How  is  the  official  Solution  of  Soda  prepared  ?  Give  a 
diagram  or  equation. 

98.  Explain  the  action  of  sodium  or  potassium  on  water.  What 
colours  do  these  elements  respectively  communicate  to  flame  ? 

99.  How  much  bicarbonate  of  sodium  can  be  obtained  from 
2240  pounds  of  crystallized  carbonate  of  sodium  ?  Ans.  1316  lbs. 

100.  Acetate  of  Sodium  :  give  formula,  process,  and  equation. 
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101.  Give  a  diagram  showing  the  formation  of  Bicarbonate  of 
Sodium. 

102.  Why  is  a  mixture  of  dried  and  undried  carbonate  of  sodium 
employed  in  the  preparation  of  the  bicarbonate  ? 

103.  State  the  difference  between  anhydrous  and  crystallized 
carbonate  of  sodium. 

104.  Define  the  terms  anhydrous,  hydrous,  hydrate,  anhydride. 

105.  What  do  you  understand  by  tvater  of  crystallization  ? 

106.  What  is  the  nature  of  the  official  "  Liquor  Sodce  Effer- 
vescens  "  ? 

107.  How  many  volumes  of  gas  (reckoned  as  at  ordinary  atmo- 
spheric pressure)  are  contained  in  any  given  volume  of  the  official 
"  Soda-water  "  ? 

108.  What  is  the  general  law  regarding  the  solubility  of  gases 
in  liquids  under  pressure  ? 

109.  What  is  the  systematic  name  of  Soda  Tartarata,  B.  P.  ? 
and  how  is  the  salt  prepared  ? 

110.  What  is  the  relation  of  Rochelle  salt  to  cream  of  tartar 
and  tartaric  acid  ? 

111.  Give  the  mode  of  preparation  and  composition  of  the  offi- 
cial Solution  of  Chlorinated  Soda,  and  express  the  process  by  a 
diagram. 

112.  How  is  the  granular  effervescing  Citro-tartrate  of  Sodium 
prepared  ? 

113.  Define  Deliquescence,  Efflorescence,  and  Lixiviation. 

114.  What  is  the  general  relation  of  potassium  salts  to  those  of 
sodium  ? 

115.  How  are  sodium  salts  analytically  distinguished  from  those 
of  potassium  ? 


AMMONIUM. 

Symbol  KH^  or  Am.    Atomic  weight  18. 

Memoranda. — The  elements  nitrogen  and  hydrogen,  in  the 
proportion  of  one  atom  to  four  (NH^),  are  those  characteristic  of 
all  the  compounds  about  to  be  studied,  just  as  potassium  (X)  and 
sodium  (Na)  are  the  characteristic  elements  of  the  potassium  and 
sodium  compounds.  Ammonium  is  a  univalent  nucleus,  root 
or  radical,  like  potassium  or  sodium ;  and  the  ammonium  com- 
pounds closely  resemble  those  of  potassium  or  sodium.  In  short, 
if,  for  an  instant,  potassium  or  sodium  be  imagined  to  be  com- 
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pounds,  the  analogy  between  these  three  series  of  salts  is  com- 
plete. Ammonium  is  said  to  have  been  isolated,  by  Weyl,  as  an 
unstable  dark  blue  liquid  possessing  a  metallic  lustre. 

Source. — It  is  possible  to  produce  ammonia  from  its  elements ; 
but  the  source  of  nearly  all  the  ammoniacal  salts  met  with  in 
commerce  is  ammonia  gas  (N'Hg)  obtained  in  distilling  coals  in 
the  manufacture  of  ordinary  illuminating  gas.  It  is  doubtless 
derived  from  the  nitrogen  of  the  plants  from  which  the  coal  has 
been  produced. 

Amfnonia. — When  this  gas  (NHg)  comes  into  contact  with  water 
(H^O),  in  the  process  of  washing  and  cooling  coal-gas,  hydrate  of 
ammonium  (NH^HO,  or  AmHO)  is  believed  to  be  formed,  the 
analogue  of  hydrate  of  potassium  (KHO)  or  sodium  (I^aHO). 
The  grounds  for  this  belief  are  the  observed  analogy  of  the  well- 
known  ammoniacal  salts  to  those  of  potassium  and  sodium,  the 
similarity  of  action  of  solutions  of  potash,  soda,  and  ammonia  on 
salts  of  most  metals,  and  the  existence  of  crystals  of  an  analogous 
sulphur  salt  (NH.HS). 

Chloride  of  Ammonium. — The  "  ammoniacal  liquor "  of  the 
gas-works  is  usually  neutralized  by  hydrochloric  acid,  by  which 
crude  chloride  of  ammonium  (sal-ammoniac)  is  produced, 

NH.HO  -h  HCl = NH^Cl + H,0  ; 

and  from  this  salt,  purified,  the  others  used  in  pharmacy  are 
directly  or  indirectly  made.  Chloride  of  Ammonium  (Ammonii 
Chloridum,  B.  P.)  occurs  "  in  colourless,  inodorous,  translucent 
fibrous  masses,  tough,  and  difficult  to  powder,  soluble  in  water 
[1  in  10  is  the  "  Solution  of  Chloride  of  Ammonium,"  E.  P.]  and 
in  rectified  spirit." 

Chloride  of  ammonium  generally  contains  slight  traces  of 
oxychloride  of  iron,  tarry  matter,  and  possibly  chlorides  of  com- 
pound ammoniums  (vide    Artificial  Alkaloids  "  in  Index). 

Sulphate  of  Ammonium.,  (NII^)2S0^,  results  when  "  ammoni- 
acal liquor  "  is  neutralized  by  sulphuric  acid.  It  is  largely  used 
as  a  constituent  of  artificial  manure ;  and  when  purified  by  re- 
crystallization,  is  employed  in  pharmacy  {Ammonii  Sulphas, 
U.  S.  P.). 

Volcanic  Ammonia. — The  purest  form  of  ammonia  is  that  met 
with  in  volcanic  districts,  and  obtained  as  a  by-product  in  the 
manufacture  of  borax  ;  the  crude  boracic  acid  as  imported  con- 
tains about  10  per  cent,  of  ammonium  salts,  chiefly  sulphate,  and 
double  sulphates  of  ammonium  with  magnesium,  sodium,  and 
manganese  (Howard). 
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Eeactiois's  HAvij?^a  (a)  Gej^eeal,  (h)  Synthetical,  and  (c) 
Analytical  Inteeest. 

Ammonmm  Amalgam  (?). 

(a)  General  Reaction. — To  forty  or  fifty  grains  of  dry  mercury 
in  a  dry  test-tube,  add  one  or  two  small  pieces  of  sodium  (freed 
from  adhering  naphtha  by  gentle  pressure  with  a  piece  of  filter- 
paper),  and  amalgamate  by  gently  warming  the  tube.  To  this 
amalgam,  when  cold,  add  some  fragments  of  chloride  of  ammo- 
nium and  a  strong  solution  of  the  same  salt.  The  sodium 
amalgam  soon  begins  to  swell  and  rapidly  increase  in  bulk,  pro- 
bably overflowing  the  tube.  The  light  spongy  mass  produced  is 
the  so-called  ammonium  amalgam,  and  the  reaction  is  usually 
adduced  as  evidence  of  the  existence  of  ammonium.  The  sodium 
of  the  amalgam  unites  with  the  chlorine  of  the  chloride  of  am- 
monium, while  the  ammonium  is  supposed  to  form  an  amalgam 
with  the  mercury.  As  soon  as  formed  the  amalgam  gives  off 
hydrogen  and  ammonia  gases ;  this  decomposition  is  nearly 
complete  after  some  minutes,  and  impure  mercury  remains. 

(h)  Reactions  liaving  Synthetical  Interest, 

Hydrate  of  Ammonium.  Ammonia. 

First  Synthetical  Reaction. — Heat  a  few  grains  of  sal-ammo- 
niac with  about  an  equal  weight  of  hydrate  of  calcium  (slaked 
lime)  damped  with  a  little  water  in  a  test-tube  ;  ammonia  gas  is 
given  ofP,  and  may  be  recognized  by  its  well-known  odour.  It 
is  very  soluble  in  water.  Pass  a  delivery-tube,  fitted  to  the  test- 
tube  as  described  for  the  preparation  of  oxygen  and  hydrogen, 
into  a  second  test-tube,  at  the  bottom  of  which  is  a  little  water ; 
again  heat,  the  end  of  the  delivery-tube  being  only  just  beneath 
the  surface  of  the  water  (or,  possibly  all  the  water  might  rush 
back  into  the  generating-tube,  water  absorbing  ammonia  gas 
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with  great  avidity) ;  solution  of  ammonia  {Liquor  Ammonice, 
E.  P.,  or  Liquor  Ammonue  Fortior,  B.  P.)  will  be  thus  formed. 

21^JLfil    +    Ca2H0  =  CaCl^     +     211^0    +  2^113 

Chloride  of  Hydrate  of      Chloride  of  Water.  Ammonia 

ammonium.  calcium.  calcium.  gas. 

Ammonia  gas  is  composed  of  one  atom  of  nitrogen  with  three 
atoms  of  hydrogen ;  its  formula  is  I^Hg  ;  two  volumes  of  it  con- 
tain one  volume  of  nitrogen  combined  with  three  similar  volumes 
of  hydrogen.  Its  constituents  have  therefore  in  combining 
suffered  condensation  to  one  half  their  normal  bulk.  Its  con- 
version into  hydrate  of  ammonium  may  be  thus  shown  : — 

I^Hg    +    up    =    NH^HO  or  AmHO 

Ammonia  Water.  Hydrate  of  ammonium 

gas.  (ammonia). 

Solutions  of  Ammonia,  prepared  by  this  process  on  a  large 
scale  and  in  suitable  apparatus,  are  met  with  in  pharmacy — the 
one  (sp.  gr.  0-891)  containing  32*5  per  cent.,  the  other  (sp.  gr. 
0*959)  10  per  cent,  by  weight  of  ammonia  gas,  ^vTH,,  or  66-9  and 
20-6  of  ammonia,  E^II^HO  (Liquor  Ammonim  Fortior  and  IJquor 
Ammonice,  B.  P.  One  part,  by  measure,  of  the  former,  and  two 
of  water  form  the  latter).  On  the  large  scale,  bottles  are  so  ar- 
ranged in  a  series  as  to  condense  all  the  ammonia  evolved  during 
the  operation  (see  British  Pharmacopoeia). 

Note. — When  water  is  mixed  with  strong  solution  of  ammonia 
expansion  occurs.  Thus,  calculating  from  the  stated  specific 
gravities  of  the  official  solutions,  3000  parts  by  measure  of  the 
Liquor  Ammonice  weigh  2877  parts  (959  X  3) ;  whereas  1000 
parts  by  measure  of  the  Liquor  Ammonice  Fortior  (weighing  891 
parts)  and  2000  measures  of  water  (weighing  2000)  weigh  2891 
parts.  Apparently  1000  volumes  of  the  strong  solution  of  am- 
monia with  2000  volumes  of  water  yield  3000  volumes  of  mix- 
ture, and  14  parts  b}^  weight,  or  15  volumes  to  spare,  total  3015 
volumes— an  expansion  of  about  half  of  one  (-5)  per  cent. 

Acetate  of  Ammonium. 

Second  Syntlietical  Reaction. — To  acetic  acid  and  water  in  a 
test-tube  add  powdered  commercial  carbonate  (acid  carbonate 
and  carbamate)  of  ammonium  until  effervescence  ceases  ;  the  re- 
sulting liquid,  made  of  prescribed  strength,  is  the  official  Solution 
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of  Acetate  of  Ammonium  (I^H^C^HgO.^)  {Liquor  Ammonice  Ace- 
tatis,  B.  P.,  Liquor  Ammonii  Acetatis,  U.  S.  P.). 
(]N'H,B:C03X,ra^]^H3C0,  +  4HC,H30, = 4NH,aH30,  +  2Hp  +  3C0, 

Acid  carbonate  and  carbamate  Acetic  Acetate  of  Water.  Carbonic 

of  ammonium.  acid.  ammonium.  acid  gas. 

Carbonates  of  Ammonium. 

Commercial  carbonate  of  ammonium  is  made  by  heating  a  mix- 
ture of  chalk  and  sal-ammoniac  ;  chloride  of  calcium  (CaCl^)  is 
produced,  ammonia  gas  (NHg)  and  water  (H^O)  escape,  and  the 
ammoniacal  carbonate  distils  or,  rather,  sublimes  *  in  cakes  (Am- 
monice Carhonas,  B.  P.,  Ammonii  Carhonas,  U.  S.  P.).  The  best 
form  of  apparatus  to  employ  is  a  retort  with  a  short  wide  neck 
and  a  cool  receiver.  On  the  large  scale  the  retort  is  usually  iron, 
and  the  receiver  earthenware  or  glass  ;  on  the  small  scale  glass 
vessels  are  employed.  The  salt  is  purified  by  resublimation  at  a 
low  temperature — 150°  F.  is  said  to  be  sufficient. 

This  salt,  the  empirical  formula  of  which  is  IN'^H^gCgOg,  is 
probably  a  mixture  of  two  molecules  of  acid  carbonate  of  am- 
monium (2NH^HC03)  and  one  of  a  salt  termed  carbamate  of 
ammonium  (NH^NH^CO.^).'  The  latter  belongs  to  an  important 
class  of  salts  known  as  carbamates,  but  is  the  only  one  of  interest 
to  the  pharmacist.  Cold  water  extracts  it  from  the  commercial 
carbonate  of  ammonium,  leaving  the  acid  carbonate  of  ammonium 
undissolved  if  the  amount  of  liquid  used  be  very  small.  In  water 
carbamate  soon  changes  into  neutral  carbonate  of  ammonium, 

NH,]^H,CO,  +  H,0  =  (NHJ,C03  or  Am,C03; 

so  that  an  aqueous  solution  of  commercial  carbonate  of  ammonium 
contains  both  acid  carbonate  and  neutral  carbonate  of  ammonium. 
If  to  such  a  solution  some  ordinary  solution  of  ammonia  be  added, 
a  solution  of  neutral  carbonate  of  ammonium  is  obtained ;  and 
this  is  the  common  reagent  always  found  on  the  shelves  of  the 
analytical  laboratory. 

AmHC03    +    AmHO    =    Am^C03    -|-  H,0. 

]N"eutral  carbonate  of  ammonium  is  the  salt  formed  on  adding 
strong  solution  of  ammonia  to  the  commercial  carbonate  in  pre- 
paring a  pungent  mixture  for  toilet  smelling-bottles ;  but  it  is 

*^  Sublimation  (from  sublimis,  high).  Vaponzation  of  a  sohd  substance  by 
heat,  and  its  condensation  on  an  upper  and  cooler  part  of  the  vessel  or  ap- 
paratus in  which  the  operation  is  performed. 
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unstable,  and  on  continued  exposure  to  air  is  reduced  to  a  mass 
of  crystals  of  the  acid  carbonate  or  bicarbonate  of  ammonium. 

According  to  Divers,  the  sublimed  product  of  the  first  distilla- 
tion of  chalk  and  sal-ammoniac  is  a  mixture  of  carbamate  and 
carbonate  of  ammonium,  the  latter  losing  some  ammonia  gas  on 
redistillation,  and  carbamate  with  bicarbonate  forming  the  re- 
sulting commercial  salt.  Dr.  Divers  considers  that  the  salt  now 
met  with  in  trade  contains  one  molecule  of  acid  carbonate  to  one 
of  carbamate,  and  not  two  of  the  former  to  one  of  the  latter,  as 
was  the  case  when  the  analyses  were  made  from  which  the  fore- 
going formulae  were  deduced. 

Sal  Volatile  {Spiritus  Ammonice  Aromaticus,  B.  P.)  is  a  spirituous 
solution  of  ammonia  (AmHO),  neutral  carbonate  of  ammonium 
(Am^COg),  and  the  oils  of  nutmeg  and  lemon.  Fetid  spirit  of 
ammonia  (Spiritus  Ammonice  Foetidus,  B.  P.)  is  an  alcoholic  solu- 
tion of  the  volatile  oil  of  assafoetida  mixed  with  solution  of  am- 
monia. "  Solution  of  Carbonate  of  Ammonia,"  B.  P.,  is  formed 
by  dissolving  half  an  ounce  of  the  salt  in  ten  ounces  of  water. 

Nitrate  of  Ammonium. 

Third  Synthetical  Reaction, — To  some  diluted  nitric  acid  add 
carbonate  of  ammonium,  until,  after  well  stirring,  a  slight 
ammoniacal  odour  remains.  The  solution  contains  Nitrate  of 
Ammonium  {Ammonice  Nitras,  B.  P.,  Ammonii  Witras,  U.  S.  P.). 

(NH.HCOg),,  NH^NH^CO,  +  4HISr03 = 4NH,]N"03  +  2Hp  -h 3C0,. 

Acid  carbonate  and  carbamate  Jfitrie         Mtrate  of        Water.  Carbonic 

of  ammonium.  acid.         ammonium.  acid  gas. 

Prom  a  strong  hot  solution  of  nitrate  of  ammonium  crystals 
may  be  obtained  containing  much  water  (NH^I^Og,  I2H2O).  On 
heating  these  in  a  dish  to  about  310°  P.,  water  escapes,  and  the 
anhydrous  salt  remaining  (NH^NOg)  may  be  poured  on  to  an  iron 
plate.  On  further  heating  the  powdered  nitrate,  it  is  resolved 
into  nitrous  oxide  gas  (the  so-called  laughing  gas)  and  water, 

NH^I^Og    =    BJd    4-  2H,0. 

Nitrous  oxide  is  thus  prepared  for  use  as  an  anaesthetic. 
When  required  for  inhalation,  it  should  be  washed  from  any 
possible  trace  of  acid  or  nitric  oxide,  by  being  passed  through 
solution  of  potash  and  through  solution  of  ferrous  sulphate. 

Nitrous  oxide  is  slightly  soluble  in  warm  water,  more  so  in 
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cold.  It  supports  combustion  almost  as  well  as  oxygen.  By 
pressure  it  may  be  liquefied  to  a  colourless  fluid,  and  by  simul- 
taneous cooling  solidified. 

Citrate,  Phosphate,  and  Benzoate  of  Ammonium. 

Fourth  Synthetical  Reaction.  —  To  solution  of  citric  acid 
(HgCgHgO^  or  HgCi)  add  solution  of  ammonia  (AmHO)  until  the 
well-stirred  liquid  smells  faintly  of  ammonia;  the  product  is 
Solution  of  Citrate  of  Ammonium  (Am^Ci)  {Liquor  Ammonim 
Citratis,  B.  P.). 

Phosphate  of  Ammonium  (Am^HPO^)  (Ammonice  Phosphas, 
B.  P.)  and  Benzoate  of  Ammonium  (AmC^H.O^)  (Ammonice 
Benzoas,  B.  P.,  Ammonii  Benzoas,  U.  S.  P.)  are  also  made  by 
adding  solution  of  ammonia  to  phosphoric  acid  (HgPO^)  and 
benzoic  acid  (HC^H.O^)  respectively,  evaporating  (keeping  the 
ammonia  in  slight  excess  by  adding  more  of  its  solution),  and 
setting  aside  for  crystals  to  form.  The  official  Solution  of  Acetate 
of  Ammonium  could  be  made  in  the  same  way  ;  but  when  pre- 
pared with  carbonate  of  ammonium,  the  liquid  remains  charged 
with  carbonic  acid,  and  has  a  less  vapid  flavour. 

+    3AmH0    =    Am3C3H,0,    +  3H,0 


Citric  Ammonia.                   Citrate  of  Water, 

acid.  ammonium. 

H3P0^  +    2AmH0    =    Am.HPO^  +  2H^0 

Phosphoric  Ammonia.                Phosphate  of  Water, 

acid.  ammonium. 

HC^KO,    +    AmHO    =    AmC.KO,  +  H^O 

Benzoic  Ammonia.                Benzoate  of  Water, 

acid.  ammonium. 


Phosphate  of  ammonium  occurs  in  transparent  colourless  prisms, 
soluble  in  water,  insoluble  in  spirit ;  benzoate  in  crystalline 
plates,  soluble  in  water  and  in  spirit. 

Bromide  of  Ammonium  (Ammonii  Bromidum,  B.  P.)  will  be 
noticed  in  connexion  with  Hydrobromic  Acid  and  other  Bro- 
mides. 

Oxalate  of  Ammonium. 

Fifth  Synthetical  Beaction. — To  a  nearly  boiling  solution  of 
1  part  of  oxalic  acid  in  about  8  of  water  add  carbonate  of  ammo- 
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nium  until  the  liquid  is  neutral  to  test-paper  (see  following 
paragraphs),  filter  while  hot,  and  set  aside  for  crystals  (Oxalate  of 
Ammonium,  B.  P.  Q^H^.f^fi^,  H^O)  to  form.  The  mother-liquor 
is  useful  as  a  reagent  in  analysis ;  1  of  the  salt  in  40  of  water 
constitutes  "  Solution  of  Oxalate  of  Ammonia,''  B.  P. 

2H,C,0,  +  =  2(NHJ,C,p,  +  SCO,  +  2H,0 

Oxalic  "  Carbonate  of  Oxalate  of  Carbonic  Water, 

acid.  ammonium."  ammonium.  acid  gas. 

Neutralization. — Thus  far,  in  reactions,  the  student  has  avoided 
excess  of  either  acid  matter  on  the  one  hand,  or  alkaline  matter 
on  the  other,  by  the  rough  aid  of  taste,  cessation  of  effervescence, 
presence  or  absence  of  odour,  &c.  More  delicate  aid  is  afforded 
by  test-papers. 

Test-papers. — Litmus  (B.  P.)  is  a  blue  vegetable  pigment,  pre- 
pared from  various  species  of  Roccella  lichen,  exceedingly  sensitive 
to  the  action  of  acids,  which  turn  it  red.  When  thus  reddened, 
alkalies  (potash,  soda,  and  ammonia)  and  other  soluble  hydrates 
readily  turn  it  blue.  The  student  should  here  test  for  himself 
the  delicacy  of  this  action  by  experiments  with  paper  soaked  in 
solution  of  litmus  and  dipped  into  very  dilute  solutions  of  acids, 
acid  salts  (KHC^H^Og,  e.g.),  alkalies,  and  such  neutral  salts  as 
nitrate  of  potassium,  sulphate  of  sodium,  or  chloride  of  am- 
monium. 

Tincture  of  Litmus  (B.  P.). — 1  ounce  of  litmus  is  macerated  for 
two  days  in  10  fluid  ounces  of  proof  spirit,  and  the  solution  poured 
off  from  insoluble  matter. 

Blue  litmus  paper  (B.  P.)  is  "  unsized  white  paper  steeped  in 
tincture  of  litmus  and  dried  by  exposure  to  the  air."  Bed  litmus 
paper  (B.  P.)  is  ^'  unsized  white  paper  steeped  in  tincture  of 
litmus  which  has  been  previously  reddened  by  the  addition  of  a 
very  minute  quantity  of  sulphuric  acid,  and  dried  by  exposure  to 
the  air." 

Turmeric  paper,  similarly  prepared  from  tincture  of  turmeric 
(1  of  turmeric  root  or  rhizome  to  6  of  rectified  spirit  macerated 
for  seven  days),  is  occasionally  useful  as  a  test  for  alkalies,  which 
turn  its  yellow  to  brown ;  acids  do  not  affect  it. 

Sulphydrate  of  Ammoniuin. 
^^ixtl^  Synthetical  jReaction. — Pass  sulphuretted  hydrogen  gas 
(H^S)  through  a  small  quantity  of  solution  of  ammonia  in  a  test- 
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tube,  until  a  portion  of  the  liquor  no  longer  causes  a  white  pre- 
cipitate in  solution  of  sulphate  of  magnesium  (Epsom  salt)  ;  the 
product  is  solution  of  sulphydrate  of  ammonium  (NH^HS),  the 
"Solution  of  Sulphide  of  Ammonium"  of  the  British  Pharma- 
copoeia, a  most  valuable  chemical  reagent,  as  will  presently  be 
apparent. 

I^KHO  +  H,S  =  ISTH^HS  +  H,0. 

Solution  of  Sulphide  of  Ammonium/^  of  official  strength,  is 
made  by  passing  the  gas,  prepared  in  the  apparatus  described 
below,  into  3  Huid  ounces  of  solution  of  ammonia  (^Liquor  Am- 
monice)  so  long  as  the  gas  continues  to  be  absorbed,  then  adding 
2  more  ounces  of  solution  of  ammonia,  and  preserving  the  solu- 
tion in  a  well-stoppered  bottle. 

Sulphuretted  hydrogen  is  a  compound  of  noxious  odour ;  hence 
the  above  operation,  and  many  others,  described  further  on,  m 
which  this  gas  is  indispensable,  can  only  be  performed  in  the 
open  air,  or  in  a  fume-cuphoard — a  chamber  so  contrived  that 
deleterious  gases  and  vapours  shall  escape  into  a  chimney  in  con- 
nexion with  the  external  air.  In  the  above  experiment,  the 
small  quantity  of  gas  required  can  be  made  in  a  test-tube,  after 
the  manner  of  hydrogen  itself.  To  two  or  three  fragments  of 
sulphide  of  iron  (FeS)  add  water  and  then  sulphuric  acid ;  the 
gas  is  at  once  evolved,  and  may  be  conducted  by  a  tube  into  the 
solution  of  ammonia.  Sulphate  of  iron  remains  dissolved  in  the 
water. 

EeS  +  H^SO,  =  H^S  -f-  EeSO^. 

Crystals  of  sulphydrate  of  ammonium  (JN^H^HS)  may  be  ob- 
tained on  bringing  ammonia  gas  (NHg)  and  sulphuretted  hydrogen 
(H^S)  together  at  a  low  temperature.  They  are  soluble  in  water 
without  decomposition. 

Sulphuretted-hydrogen  Apparatus. — As  no  heat  is  necessary  in 
making  sulphuretted  hydrogen  (B.  P.),  the  test-tube  of  the  fore- 
going operation  may  be  advantageously  replaced  by  a  bottle, 
especially  when  larger  quantities  of  the  gas  are  required.  In 
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analytical  oqerations,  the  gas  should  be  purified  by  passing  it 
through  water  contained  in  a  second  bottle. 

Pig.  18. 


Sulphuretted-hydrogen  Apparatus. 

The  most  convenient  arrangement  for  experimental  use  is  pre^ 
pared  as  follows : — Two  common  wide-mouth  bottles  are  selected, 
the  one  having  a  capacity  of  about  half  a  pint,  the  other  a  quarter 
pint ;  the  former  may  be  called  the  genera  ting-bottle,  the  latter 
the  wash-bottle.  Pit  two  corks  to  the  bottles.  Through  each 
cork  bore  two  holes  by  a  round  file  or  other  instrument,  of  such 
a  size  that  glass  tubing  of  about  the  diameter  of  a  quill  pen  shall 
fit  them  tightly.  Through  one  of  the  holes  in  the  cork  of  the 
generating-bottle  pass  a  funnel-tube,  so  that  its  extremity  may 
nearly  reach  the  bottom  of  the  bottle.  To  the  other  hole  adapt 
a  piece  of  tubing,  6  inches  long,  and  bent  in  the  middle  to  a 
right  angle.  A  similar  "  elbow- tube "  is  fitted  to  one  of  the 
holes  in  the  cork  of  the  wash-bottle,  and  another  elbow-tube, 
one  arm  of  which  is  long  enough  to  reach  to  near  the  bottom  of 
the  wash-bottle,  fitted  to  the  other  hole.  Removing  the  corks, 
two  or  three  ounces  of  water  are  now  poured  into  each  bottle,  an 
ounce  or  two  of  sulphide  of  iron  put  into  the  generating-bottle, 
land  the  corks  replaced.  The  elbow-tube  of  the  generating- 
!  bottle  is  now  attached  by  a  short  piece  of  india-rubber  tubing 
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to  the  long-armed  elbow-tube  of  tbe  wash-bottle,  so  that  gas 
coming  from  the  generator  may  pass  through  the  water  in  the 
wash-bottle.  The  delivery-tube  of  the  wash-bottle  is  then 
lengthened  by  attaching  to  it,  by  india-rubber  tubing,  another  j 
piece  of  glass  tubing,  several  inches  in  length.  The  apparatus 
is  now  ready  for  use.  Strong  sulphuric  acid  is  poured  down  the 
funnel-tube  in  small  quantities  at  a  time,  until  brisk  effer-  ; 
vescence  is  established,  and  more  added  from  time  to  time  as  the 
evolution  of  gas  becomes  slow.  The  gas  passes  through  the 
tubes  into  the  wash-bottle,  where,  as  it  bubbles  up  through  the 
water,  any  trace  of  sulphuric  acid,  or  other  matter  mechanically 
carried  over,  is  arrested,  and  thence  flows  out  at  the  delivery- 
tube  into  any  vessel  or  liquid  that  may  be  placed  there  to  receive 
it.  The  generator  must  be  occasionally  dismounted,  and  the 
sulphate  of  iron  washed  out. 

Luting  (lutum,  mud).  If  the  corks  of  the  above  apparatus  are 
sound,  and  tube-holes  well  made,  no  escape  of  gas  will  occur.  If 
rough  corks  have  been  employed,  or  the  holes  are  not  cylindrical, 
linseed-meal  lute  may  be  rubbed  over  the  defective  parts.  The 
lute  is  prepared  by  mixing  linseed-meal  with  water  to  the  con- 
sistence of  dough.  A  neat  appearance  may  be  given  to  the  lute 
by  gently  rubbing  a  well- wetted  finger  over  its  surface. 

(c)  Beaciions  having  Analytical  Interest  (Tests). 

First  Analytical  Beaction. — To  a  solution  of  any  salt  of  ammo- 
nium (the  chloride,  for  example)  in  a  test-tube,  add  solution  of 
caustic  soda  (or  solution  of  potash,  or  a  little  slaked  lime) ; 
ammonia  gas  is  at  once  evolved,  recognized  by  its  well-known 
odour. 

NH.Cl  H-  I^aHO  =  NH3  -f  Hp  -f-  ISTaCl. 

Though  ammonium  itself  cannot  be  kept  in  the  free  state,  its 
compounds  are  stable.  Ammonia  is  easily  expelled  from  those 
compounds  by  action  of  the  stronger  alkalies,  caustic  potash,  soda 
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or  lime.  As  a  matter  of  exercise,  the  student  should  here  draw 
out  equations  in  which  acetate  (N'H^C^HgO^),  sulphate  (Am.^SO^), 
nitrate  (IS'H^N'Og),  or  any  other  ammoniacal  salt  not  already 
having  the  odour  of  ammonia,  is  supposed  to  be  under  examina- 
tion ;  also  equations  representing  the  use  of  the  other  hydrates, 
potash  (KHO)  or  slaked  lime  (Ca2H0). 

The  odour  of  ammonia  gas  is  perhaps  the  best  means  of  recog- 
nizing its  presence  ;  but  the  following  tests  are  also  occasionally 
useful.  Into  the  test-tube  in  which  the  ammonia  gas  is  evolved 
insert  a  glass  rod  moistened  with  hydrochloric  acid  (that  is, 
with  the  solution  of  hydrochloric  acid  gas,  conventionally  termed 
hydrochloric  acid,  the  Acidum  HydrocJiloricum  of  the  Pharma- 
copoeia) ;  white  fumes  of  chloride  of  ammonium  will  be  produced. 
T^Hg  +  HCl  =  NH.CL 

Hold  a  piece  of  moistened  red  litmus  paper  in  a  tube  in  which 
ammonia  gas  is  present ;  the  red  colour  will  be  changed  to  blue. 

Second  Analytical  Eeaction. — To  a  few  drops  of  a  solution  of 
an  ammonium  salt  add  a  drop  or  two  of  hydrochloric  acid  and  a 
like  small  quantity  of  solution  of  per  chloride  of  platinum  (PtCl^) ; 
a  yellow  crystalline  precipitate  of  the  double  chloride  of  plati- 
num and  ammonium  (PtCl^,  2]N'H^C1)  will  be  produced,  similar  in 
appearance  to'  the  corresponding  salt  of  potassium,  the  remarks 
concerning  which  (p.  75)  are  equally  applicable  to  the  precipitate 
under  notice. 

Third  Analytical  Eeaction, — To  a  moderately  strong  solution 
of  an  ammonium  salt  add  a  strong  solution  of  tartaric  acid,  and 
shake  or  well  stir  the  mixture  ;  a  white  granular  precipitate  of 
acid  tartrate  of  ammonium  will  be  formed. 

¥oY  data  from  which  to  draw  out  an  equation  representing  this 
action,  see  the  remarks  and  formulae  under  the  analogous  salt  of 
potassium  (p.  76). 

Fourth  Analytical  Fact, — Evaporate  a  few  arops  of  a  solution 
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of  an  ammonmrn  salt  to  dryness,  or  place  a  fragment  of  a  salt  in 
the  solid  state  on  a  piece  of  platinum  foil,  and  heat  in  a  flame ; 
the  salt  is  readily  volatilized.  As  already  noticed,  the  salts  of 
potassium  and  sodium  are  fixed  under  these  circumstances,  a 
point  of  difference  of  which  advantage  will  frequently  he  taken 
in  analysis.  A  porcelain  crucible  may  often  be  advantageously 
substituted  for  platinum  foil  in  experiments  on  volatilization. 

Salts  of  ammonium  with  the  more  complex  acidulous  radicals 
seldom  volatilize  unchanged  when  heated.  The  oxalate,  when 
warmed,  loses  its  water  of  crystallization,  and  at  a  higher  tem- 
perature decomposes,  yielding  carbonic  oxide,  carbonic  acid  gas, 
ammonia  gas,  water  (the  three  latter  sometimes  in  combination), 
and  several  organic  substances. 


Eig.  19.  Pig.  20.  Fig.  21. 


Triangular  supports  for  crucibles. 

A  wire  triangle  may  be  used  in  supporting  crucibles  (fig.  19). 
It  is  made  by  twisting  together  each  pair  of  ends  of  three  (5-  or 
6-inch)  crossed  pieces  of  wire  (fig.  20).  A  piece  of  tobacco-pipe 
stem  (about  2  inches)  is  sometimes  placed  in  the  centre  of  each 
wire  before  twisting,  the  transference  of  any  metallic  matter  to 
the  sides  of  the  crucible  being  thus  prevented  (fig.  21). 


Practical  Analysis, 

With  regard  to  those  experiments  which  are  useful  rather  as 
means  of  detecting  the  presence  of  potassium,  sodium,  and  am- 
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monium,  than  as  illustrating  the  preparation  of  salts,  the  student 
should  proceed  to  apply  them  to  certain  solutions  of  any  of  the 
salts  of  potassium,  sodium,  and  ammonium,  with  the  view  of 
ascertaining  which  metal  is  present ;  that  is,  proceed  to  practical 
analysis*.  A  little  thought  will  enable  him  to  apply  these  reac- 
tions in  the  most  suitable  order  and  to  the  best  advantage  for  the 
contemplated  purpose;  but  the  following  arrangements  are 
perhaps  as  good  as  can  be  devised : — 

DIRECTIONS  POR  APPLYING  THE  POEEGOIN'G  AI^-ALYTICAL  REACTIONS  TO 
THE  ANALYSIS  OE  AN  AQUEOUS  SOLUTION  OE  A  SALT  OE  ONE  OE 
THE  METALS,  PoTASSIUM,  SoDIUM,  AmMONIUM. 

Add  caustic  soda  to  a  small  portion  of  the  solution  to  be  ex- 
amined, and  warm  the  mixture  in  a  test-tube  ;  the  odour  of  am- 
monia gas  at  once  reveals  the  presence  of  an  ammonium  salt. 

If  ammonium  be  not  present,  apply  the  perchloride-of-platinum 
test ;  a  yellow  precipitate  proves  the  presence  of  potassium. 

(It  will  be  observed  that  potassium  can  only  be  detected  in  the' 
absence  of  ammonium,  salts  of  the  latter  radical  giving  similar 
precipitates.) 

The  flame-test  is  sufficient  for  the  recognition  of  sodium. 


^  Such  solutions  are  prepared  in  educational  laboratories  by  a  tutor. 
They  should,  under  other  circumstances,  be  mixed  by  a  friend,  as  it  is  not 
desirable  to  know  previously  what  is  contained  in  the  substance  about  to  be 
analyzed. 

The  analysis  of  solutions  containing  only  one  salt  serves  to  impress  the 
memory  with  the  characteristic  tests  for  the  various  metals  and  other 
radicals,  and  familiarize  the  mind  with  chemical  principles.  Medical 
students  seldom  have  time  to  go  further  than  this.  More  thorough  analy- 
tical and  general  chemical  knowledge  is  only  acquired  by  working  on  such 
mixtures  of  bodies  as  are  met  with  in  actual  practice,  beginning  with  solu- 
tions which  may  contain  any  or  all  of  the  members  of  a  group.  Hence  in 
this  Manual  two  tables  of  short  directions  for  analyzing  are  given  under  each 
group.    Pharmaceutical  students  should  follow  the  second. 
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DIEECTIOITS  rOE  APPLYING  THE  FOEEGOING  Ai;rALYTICAL  EEACTIO^TS  TO 
THE  AI^'ALYSIS  OF  AIT  AQUEOUS  SOLUTIOIT  OP  SALTS  OP  ONE, 
TWO,  OR  ALL  THUEE  OP  THE  ALKALI  METALS. 

Commence  by  testing  a  small  portion  of  the  solution  for  an 
ammonium  salt.  If  present,  make  a  memorandum  to  that  effect, 
and  then  proceed  to  get  rid  of  the  ammoniacal  compound  to  make 
way  for  the  detection  of  potassium  ;  advantage  is  here  taken  of 
the  volatility  of  ammonium  salts  and  the  fixity  of  those  of 
potassium  and  sodium.  Evaporate  the  original  solution  to 
dryness  in  a  small  basin,  transfer  the  solid  residue  to  a  porcelain 
crucible,  and  heat  the  latter  to  low  redness,  or  until  dense  white 
fumes  (of  ammoniacal  salts)  cease  to  escape  (see  fig.  19).  Thi& 
operation  should  be  conducted  in  a  fume-cupboard,  to  avoid  con- 
tamination of  the  air  of  the  apartment.  When  the  crucible  is 
cold,  dissolve  out  the  solid  residue  with  a  small  quantity  of  hot 
water,  and  test  the  solution  for  potassium  by  the  per  chloride -of- 
platinum  test,  and  for  sodium  by  the  flame-test. 

If  ammonium  is  proved  to  be  absent,  the  original  solution  may, 
of  course,  be  at  once  tested  for  potassium  and  sodium. 

Flame-test. — The  violet  tint  imparted  to  flame  by  potassium 
salts  may  be  seen  when  masked  by  the  intense  yellow  colour  due 
to  sodium  if  the  flame  be  observed  through  a  piece  of  dark-blue 
glass,  a  medium  which  absorbs  the  yellow  rays  of  light. 

Note  on  Nomenclature. — The  operations  of  evaporation  and 
heating  to  redness,  or  ignition,  are  frequently  necessary  in  ana- 
lysis, and  are  usually  conducted  in  the  above  manner.  If  vege- 
table or  animal  matter  be  also  present,  carbon  is  set  free,  and 
ignition  is  accompanied  by  carbonization ;  the  material  is  said  to 
char,  "When  all  carbonaceous  matter  is  burnt  ofi',  the  crucible 
being  slightly  inclined  and  its  cover  removed  to  facilitate  combus- 
tion, and  minera]  matter,  or  ash,  alone  remains,  the  operation  of 
incineration  has  been  eflected. 

Note  on  the  Classification  of  Elements. — The  compounds  of 
potassium,  sodium,  and  ammonium  have  many  analogies.  Their 
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carbonates,  phosphates,  and  other  common  salts  are  soluble  in  water. 
The  atoms  of  the  radicals  themselves  are  univalent — that  is,  dis- 
place or  are  displaced  bj  one  atom  of  hydrogen.  In  fact  they 
constitute  by  their  similarity  in  properties  a  distinct  group  or 
family.  All  the  elements  thus  naturally  fall  into  classes — a  fact 
that  should  constantly  be  borne  in  mind,  and  evidence  of  which 
should  always  be  sought.  It  would  be  impossible  for  the  me- 
mory to  retain  the  details  of  chemistry  without  a  system  of  clas- 
sification and  leading  principles.  Classification  is  also  an  impor- 
tant feature  in  the  art  as  well  as  in  the  science  of  chemistry ; 
for  without  it  practical  analysis  could  not  be  undertaken.  The 
classification  adopted  in  this  volume  is  founded,  as  far  as  possible, 
on  the  quantivalence  of  the  elements,  but  chiefly  on  their  analy- 
tical relations. 


QUESTIO^^S  AND  EXEECISES. 

116.  Why  are  ammoniacal  salts  classed  with  those  of  potassium 
and  sodium  ? 

117.  Mention  the  sources  of  the  ammonium  salts. 

118.  Describe  the  appearance  and  other  characters  of  Chloride 
of  Ammonium. 

119.  Give  the  formula  of  Sulphate  of  Ammonium. 

120.  Adduce  evidence  of  the  existence  of  ammonium. 

121.  How  are  the  official  Solutions  of  Ammonia  prepared? 
Give  diagrams. 

122.  How  is  the  official  Solution  of  Acetate  of  Ammonium 
prepared  ? 

123.  What  is  the  composition  of  commercial  Carbonate  of 
Ammonium  ? 

124.  Define  sublimation, 

125.  What  ammoniacal  salts  are  contained  in  Spiritus  Am- 
monice  Aromaticus,  B.  P.,  and  Spiritus  Ammonice  Foetidus,  B.  P.  ? 

126.  Give  diagrams  or  equations  illustrating  the  formation  of 
Citrate,  Phosphate,  and  Benzoate  of  Ammonium. 

127.  Give  the  formula  of  Oxalate  of  Ammonium. 

128.  Show  how  hydrate  of  ammonium  may  be  converted  into 
sulphydrate. 

129.  Describe  the  preparation  of  Sulphuretted  Hydrogen  gas. 

130.  Enumerate  and  explain  the  tests  for  ammonium. 

131.  How  is  potassium  detected  in  a  solution  in  which  ammo- 
nium has  been  found  ? 
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132.  Give  equations  illustrating  the  action  of  hydrate  of  so- 
dium on  acetate  of  ammonium  ;  hydrate  of  potassium  on  sulphate 
of  ammonium  ;  and  hydrate  of  calcium  on  nitrate  of  ammonium. 

133.  What  are  the  effects  of  acids  and  alkalies  on  litmus  and 
turmeric  ? 

134.  Describe  the  analysis  of  an  aqueous  liquid  containing  salts 
of  potassium,  sodium,  and  ammonium. 

135.  What  meanings  are  commonly  assigned  to  the  terms  evci- 
poration,  ignition^  carbonization,  and  incineration  ? 

136.  Write  a  short  article  descriptive  of  the  analogies  of  po- 
tassium, sodium,  and  ammonium,  and  their  compounds. 


BAEIUM,  CALCIUM,  MAGNESIUM. 

These  three  elements  have  many  analogies.  Their  atoms  are 
bivalent. 

BAEIUM. 

Symbol  Ba.    Atomic  weight  137. 

The  analytical  reactions  only  of  this  metal  are  of  interest  to 
the  general  student  of  pharmacy.  The  nitrate  (Ea2N0g)  and 
chloride  (EaCl2)  are  the  soluble  salts  in  common  use  in  analysis 
(Chloride  of  Barium,  B.  P.,  and  "  Solution  of  Chloride  of  Barium," 
1  in  10  of  water,  B.  P.) ;  and  these  and  others  are  made  by  dis- 
solving the  native  carbonate  (BaCOg),  the  mineral  witJierite,  in 
acids,  or  by  heating  the  other  common  natural  compound  of 
barium,  the  sulphate,  heavy  white  or  heavy  spar  (BaSO^),  with 
coal,  which  yields  sulphide  of  barium  (BaS), 

BaSO,  +  C,  =  4C0  +  BaS, 

and  dissolving  the  sulphide  in  appropriate  acids.  When  the  nitrate 
is  strongly  heated  it  is  decomposed,  the  oxide  of  barium  or  baryta 
(BaO)  remaining.  Baryta,  on  being  moistened,  assimilates  the 
elements  of  water  with  great  avidity,  and  yields  hydrate  of  ba- 
rium (BaSHO).  The  latter  is  tolerably  soluble,  giving  ba^'-yta- 
luater;  and  from  this  solution  crystals  of  hydrate  of  barium  are 
obtained  on  evaporation. 

The  operations  above  described  may  all  be  performed  in  test- 
tubes  and  small  porcelain  crucibles  heated  by  the  gas-flame.  Quan- 
tities of  1  oz.  to  1  lb.  require  a  coke -furnace. 
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Peroxide  of  barium  (BaO.J  is  formed  on  passing  air  over 
baryta  heated  to  low  redness.  By  the  action  of  dilute  hydrochlo- 
ric acid  it  yields  solution  oijper oxide  of  hydrogen  (H^O^)  or  oxy- 
genated water. 

Quantivalence. — The  atom  of  barium  is  bivalent,  Ba". 

EeACTIOI^S  HAYIN&  ANALYTICAL  INTEREST  (TeSTS). 

First  Analytical  Reaction, — To  the  solution  of  any  soluble  salt 
of  barium  (nitrate  or  chloride,  for  example)  add  dilute  sulphuric 
acid ;  a  white  precipitate  is  obtained.  Set  the  test-tube  aside 
for  two  or  three  minutes,  and  when  some  of  the  precipitate  has 
fallen  to  the  bottom  pour  away  most  of  the  supernatant  liquid, 
add  strong  nitric  acid,  and  boil ;  the  precipitate  is  insoluble. 

The  production  of  a  white  precipitate  by  sulphuric  acid,  inso- 
luble even  in  hot  nitric  acid,  is  highly  characteristic  of  barium. 
The  name  of  this  precipitate  is  sulphate  of  barium  ;  its  formula  is 
BaSO^. 

Antidotes. — In  cases  of  poisoning  by  soluble  barium  salts,  ob- 
vious antidotes  would  be  solution  of  alum  or  of  any  sulphates,  such 
as  those  of  magnesium  and  sodium  (Epsom  salt,  Glauber's  salt). 

Second  Analytical  Reaction. — To  a  barium  solution  add  so- 
lution of  the  yellow  chromate  of  potassium  (KgCrO^) ;  a  pale 
yellow  precipitate  (BaCrO^)  falls.  Add  acetic  acid  to  a  portion 
of  the  chromate  of  barium  ;  it  is  insoluble.  Add  hydrochloric 
or  nitric  acid  to  another  portion ;  it  is  soluble. 

^'  Neutral  Chromate. — The  red  chromate  (or  bichromate)  of 
potassium  (K^CrO^,  CrOg)  must  not  be  used  in  this  reaction,  or 
the  barium  will  be  only  imperfectly  precipitated ;  for  the  red 
salt  gives  rise  to  the  formation  of  free  acid,  in  which  chromate  of 
barium  is  to  some  extent  soluble : — 

K,CrO„  CrOg  -f  2BaCl,      H^O  =  2BaCrO^  +  ^KCl  +  2HC1. 

Yellow  chromate  is  obtained  on  adding  carbonate  of  potassium, 
in  small  quantities  at  a  time,  to  a  hot  solution  of  the  red  chro- 
mate until  effervescence  ceases  ;  a  little  more  red  chromate  is  then 
added  to  insure  decomposition  of  any  slight  excess  of  carbonate 
of  potassium. 

K,CrO,,  CrO^  +  K,C03  =  2K:,CrO,  +  CO,. 

F  5 
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For  analytical  purposes  solution  of  a  neutral  cJiromate  is  still 
more  readily  prepared  by  simply  adding  solution  of  ammonia  to 
solution  of  red  cliromate  of  potassium,  until  the  liquid  turns 
yellow,  and,  after  stirring,  smells  of  ammonia. 

X,CrO„Cr03    +    2j^H,H0    =    2K]SrH^CrO,    +  H,0. 

Other  Analytical  Reactions. — To  a  barium  solution  add  a  solu- 
ble carbonate  (carbonate  of  ammonium  (Am^CO^)  will  generally 
be  rather  more  useful  than  others) ;  a  white  precipitate  of  car- 
bonate of  barium  (BaCOg)  results.  To  more  of  the  solution 

add  an  alkaline  phosphate  or  arseniate  (phosphate  of  sodium 
(^^'a^HPO^)  is  the  most  common  of  these  chemically  analogous 
salts,  but  phosphate  of  ammonium  (Am^HPOJ  or  arseniate 
(Am^HAsO^)  will  subsequently  have  the  preference)  ;  white  phos- 
phate of  barium  (EaHPO^),  insoluble  in  pure  water,  but  slightly 
soluble  in  aqueous  solutions  of  some  salts,  or  arseniate  of  barium 
(BaHAsOJ,  both  soluble  even  in  acetic  and  other  weak  acids,  is 

precipitated.  To  another  portion  add  oxalate  of  ammonium 

(Am^C^O^) ;  white  oxalate  of  barium  (BaC^O^)  is  precipitated, 
soluble  in  the  diluted  mineral  acids,  and  sparingly  so  in  acetic 

acid.  The  silico -fluoride  of  barium  (BaSiFg)  is  insoluble,  and 

falls  readily  if  an  equal  volume  of  spirit  of  wine  be  added  to  the 
solution  under  examination  after  the  addition  of  hydrofluosilicic 

acid  (H^SiFg).  Barium  salts,  moistened  with  hydrochloric  acid, 

impart  a  greenish  colour  to  flame. 

Mem. — Good  practice  will  be  found  in  writing  out  equations 
descriptive  of  each  of  the  foregoing  reactions. 


QUESTIONS  AKD  EXEECISES. 

137.  "What  is  the  quanti valence  of  barium  ? 

138.  Write  down  the  formulae  of  oxide,  hydrate,  chloride, 
nitrate,  carbonate,  and  sulphate  of  barium ;  and  state  how  these 
salts  are  prepared. 

139.  Describe  the  preparation  of  peroxide  of  hydrogen. 


CALCIUM. 


107 


140.  Which  of  the  tests  for  barium  are  most  characteristic  ? 
give  equations  of  the  reactions. 

141.  ]N"ame  the  antidote  in  cases  of  poisoning  by  sohible  barium 
salts,  and  explain  its  action. 

CALCIUM. 

Symbol  Ca.    Atomic  weight  40. 

Calcium  compounds  form  a  large  proportion  of  the  crust  of  our 
earth.  Carbonate  of  calcium  is  met  with  as  chalk,  marble,  lime- 
stone, calc-spar,  etc.,  the  sulphate  as  gypsum  or  plaster  of  paris 

Plaster  of  Paris,  native  sulphate  of  calcium — CaSO^,  2B.Jd — 
deprived  of  water  by  heat." — B.  P.)  and  alabaster,  the  silicate 
in  many  minerals,  the  fluoride  of  calcium  as  fluor-spar.  The 
phosphate  is  also  a  common  mineral.  The  element  itself  is  only 
isolated  with  great  difficulty.  The  atom  of  calcium  is  bivalent, 
Ca". 

Eeactioi^^s  HAviNa  Stis'thetical  Interest. 

Chloride  of  Calcium. 

First  Synthetical  Reaction. — To  some  hydrochloric  acid  add 
carbonate  of  calcium  (chalk  or,  the  purer  form,  white  marble, 
Marmor  Album,  B.  P.)  (CaCOg)  until  effervescence  ceases ;  filter ; 
solution  of  chloride  of  calcium  (CaCl^),  the  most  common  soluble 
salt  of  calcium,  is  formed. 

CaCOg     +     2HC1     =     CaCl,     +     H,0     +  CO^ 

Carbonate  of  Hydrochloric  Chloride  of  Water.  Carbonic 

calcium.  acid.  calcium.  acid  gas. 

This  solution  contains  carbonic  acid,  and  will  give  a  precipitate 
of  carbonate  of  calcium  on  the  addition  of  lime-water.  It  may 
be  obtained  quite  neutral  by  well  boiling  before  filtering  off  the 
excess  of  marble.  It  is  a  serviceable  test-liquid  in  analytical 
operations. 

Solution  of  chloride  of  calcium  evaporated  to  a  syrupy  consist- 
ence readily  yields  crystals.  These  are  extremely  deliquescent. 
The  solution,  evaporated  to  dryness  and  the  white  residue 
strongly  heated,  gives  solid  anhydrous  chloride  of  calcium  in  a 
porous  form.  The  resulting  agglutinated  lumps  (Calcii  Ohlori- 
dum,  B.  P.)  are  much  used  for  drying  gases,  and  for  freeing  cer- 


108  THE  METALLIC  RADICALS. 

tain  liquids  from  water.  The  salt  is  also  soluble  in  alcohol.  One 
part  in  ten  of  water  constitutes  a  useful  test-liquid,  Solution  of 
Chloride  of  Calcium,"  B.  P.    Eour  parts  in  five  of  water  forms  the 

Solution  (saturated)  of  Chloride  of  Calcium,"  B.  P. 

Mem. — The  practical  student  has  already  met  with  solution  of 
chloride  of  calcium  as  a  by-product  or  secondary  product  in  the 
preparation  of  carbonic  acid  gas. 

Marble  often  contains  ferrous  carbonate  (FeCOg),  which  in  the 
above  process  becomes  converted  into  ferrous  chloride,  rendering 
the  chloride  of  calcium  impure  : — 

PeC03     +     2HC1     =     PeCl,     +     H^O     +  CO, 

Ferrous  Hydrochloric  Ferrous  Water.  Carbonic 

carbonate.  acid.  chloride.  acid  gas. 

If  absolutely  pure  chloride  of  calcium  be  required,  a  few  drops  of 
the  solution  should  be  poured  into  a  test-tube  or  test-glass, 
diluted  with  water,  and  examined  for  iron  (b}^  adding  sulphydrate 
of  ammonium,  which  gives  a  black  precipitate  with  salts  of  iron), 
and,  if  the  latter  is  present,  hypochlorite  of  calcium  (in  the  form 
of  chlorinated  lime)  and  slaked  lime  be  added  to  the  remainiDg 
bulk  of  the  liquid,  and  the  whole  boiled  for  a  few  minutes. 
Iron  (as  ferric  hydrate)  is  thus  precipitated  ;  on  filtering,  a  pure 
solution  of  chloride  of  calcium  is  obtained  :  — 

4FeCl,  -I-  Ca2C10  +  4CaH,0,  +  2H,0  =  2(Ee^6IIO)  -f-  5CaCl, 

Ferrous     Hypochlorite       Hydrate  of        Water.  Ferric  Chloride  " 

chloride.       of  calcium.  calcium.  hydrate.       of  calcium. 

This  is  the  official  process,  and  may  be  imitated  on  the  smal 
scale  after  adding  a  minute  piece  of  iron  to  a  fragment  of  the 
marble  before  dissolving  in  acid. 

The  names,  formulae,  and  reactions  of  these  compounds  of  iron 
will  be  best  understood  when  that  metal  comes  under  treatment. 

Oxide  of  Calcium.   Guick  Lime. 

Second  Synthetical  Reaction. — Place  a  small  piece  of  chalk  in 
a  strong  grate-fire  or  furnace  and  heat  until  a  trial  fragment, 
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chipped  off  from  time  to  time  and  cooled,  no  longer  effervesces  on 
the  addition  of  acid;  caustic  lime,  CaO  (Calx,  B.  P.),  remains. 

CaCOg       =        CaO       +  CO^ 

Carbonate  of  Oxide  of  Carbonic 

calcium  (chalk).  calcium  (lime).  acid  gas. 

I^ote. — Etymologically  considered,  this  action  is  analytical  (ava- 
Xvu),  analud,  I  resolve)  and  not  synthetical  (avpOeaLs,  sunthesis, 
a  putting"  together)  ;  but  conventionally  it  is  synthetical,  and  not 
analytical ;  for  in  this,  the  usual  sense,  and  the  sense  in  which 
the  v^ords  are  used  throughout  this  book,  synthesis  is  the  appli- 
cation of  chemical  action  with  the  view  of  producing  something, 
analysis  the  application  of  chemical  action  with  the  view  of  find- 
ing out  the  composition  of  a  substance.  In  the  etymological  view 
of  the  matter  there  is  scarcely  an  operation  performed  either  by 
the  analyst  or  by  the  manufacturer  but  includes  both  analysis  and 
synthesis — that  is,  includes  interchange  or  metathesis. 

Lime-Jcilns. — On  a  large  scale  the  above  operation  is  carried 
on  in  what  are  termed  lime-hihis.  {Kiln,  Saxon  cyln,  from  cylene, 
a  furnace.) 

Hydrate  of  Calcium.  Slaked  Lime. 
SlaJced  lime. — When  cold,  add  to  the  lime  about  half  its  weight 
of  water,  and  notice  the  evolution  of  steam  and  other  evidence 
of  strong  action  ;  the  product  is  slaked  lime,  hydrate  of  calcium 
(Ca2B[0)  {Galcis  hydras,  B.  P.),  with  whatever  slight  natural 
impurities  the  lime  might  contain.  The  slaking  of  hard  or 
"  stony  "  lime  may  be  accelerated  by  using  hot  water. 

CaO       +       up       =  Ca2H0 

Lime.  Water.  Hydrate  of  calcium 

(slaked  lime). 

Lime-water. — Place  the  hydrate  of  calcium  in  about  a  hundred 
times  its  weight  of  water ;  in  a  short  time  a  saturated  solution, 
known  as  lime-iuater  (Liquor  Oalcis,  B.  P.),  results.  It  contains 
about  16  grains  of  hydrate  of  calcium  (Ca2II0),  equivalent  to 
about  11  or  12  grains  of  lime  (CaO),  in  one  pint. 

Strong  Solution  of  Lime. — Slaked  lime  is  much  more  soluble  in 
aqueous  solution  of  sugar  than  in  pure  water.  The  Liquor 
Cahis  Saccharaius,  B.  P.,  is  such  a  solution,  containing  2  ounces 
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of  sugar  and  188  grains  of  hydrate  of  calcmm  (Ca2II0),  equivalent 
to  142  grains  of  lime  (CaO),  in  1  pint,  it  is  a  more  efficient  preci- 
pitant of  hydrates  and  carbonates  than  lime-water.  The  official 
process  is  as  follows  : — -Mix  1  ounce  of  lime  and  2  of  sugar  by  tri- 
turation in  a  mortar.  Transfer  the  mixture  to  a  bottle  contain- 
ing 1  pint  of  water,  and,  having  closed  this  with  a  cork,  shake  it 
occasionally  for  a  few  hours.  Pinally  separate  the  clear  solution 
with  a  siphon  and  keep  it  in  a  stoppered  bottle. 

Solutions  of  hydrate  of  calcium  absorb  carbonic  acid  gas  on 
exposure  to  air,  a  semicrystalline  precipitate  of  carbonate  being 
deposited.  When  the  saccharated  solution  is  heated,  there  is 
precipitated  a  compound  consisting  of  three  molecules  of  lime 
with  one  of  sugar. 

Carbonate  of  Calcium. 
Third  Synthetical  Reaction, — To  a  solution  of  chloride  of  cal- 
cium add  excess  of  carbonate  of  sodium,  or  about  5  parts  of  dry 
chloride  to  13  of  carbonate ;  a  white  precipitate  of  carbonate  of 
calcium  (Calcis  Carhonas  Prcecipitata,  B.  P.,  Calcii  Carhonas 
Proecipitata,  U.  S.  P.)  (CaCOg)  results.  If  the  solutions  of  the 
salts  be  made  hot  before  admixture,  and  the  whole  set  aside  for 
a  short  time,  the  particles  aggregate  to  a  greater  extent  than 
when  cold  water  is  used,  and  the  product  is  finely  granular  or 
slightly  crystalline.  The  official  variety  is  thus  prepared. 
CaCl,      -h      ^^pO^      =      CaCOg      +  2NaCl 

Chloride  of  Carbonate  of  Carbonate  of  Chloride  of 

calcium.  sodium.  calcium.  sodium. 

Collect  and  purify  this  Precipitated  Chalk  by  pouring  the  mix- 
ture into  a  paper  cone  supported  by  a  funnel,  and,  when  the 
liquid  has  passed  through  the  filter,  pour  water  over  the  precipi- 
tate three  or  four  times  until  the  whole  of  the  chloride  of  sodium 
is  washed  away.  This  operation  is  termed  washing  a  precipitate 
"When  dried  by  aid  of  a  luater-hath  (p.  114)  or  other  means,  the 
precipitate  is  fit  for  use. 

Filtering -paper,  or  hihulom  paper  (from  hiho,  I  drink),  is  simply 
good  unsized  paper  made  from  the  best  white  rags — white  blot- 
ting-paper, in  fact,  of  ud usually  good  quality.  Students'  or  ana- 
lysts' filters,  on  which  to  collect  precipitates,  are  circular  pieces 
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(a,  fig.  22)  of  this  paper,  from  three  to  six  inches  in  diameter,  twice 
folded  (b,  c),  and  then  opened  out  so  as  to  form  a  hollow  cone  (d). 
Square  pieces  are  rounded  by  scissors  after  folding.  The  cone  is 
supported  by  a  glass  or  earthenware  funnel. 


Eig.  22. 


Construction  of  paper  filters. 


Filters  should  always  be  cut  round,  so  as  to  form  a  cone.  If 
the  square  piece  of  paper  is  folded  without  being  so  cut  or 
trimmed,  an  ugly  angular  filter  results,  from  which  it  is  difficult 
to  wash  all  mother-liquor  "  (the  solution  of  chloride  of  sodium 
is  the  "  mother-liquor  "  in  the  previous  reaction).  If  a  spirituous 
or  other  volatile  fluid  is  being  passed  through  such  an  angular 
filter,  much  of  the  liquid  will  also  be  wasted  by  evaporation  from 
the  unnecessarily  large  surface  exposed. 


Pig.  23.  rig.  24. 


Yv^ashing-bottles. 


Washing -hottle. — Precipitates  are  best  washed  by  a  fine  jet  of 
water  directed  on  to  the  different  parts  of  the  filter.  A  common 
narrow-necked  bottle  of  about  half-pint  capacity  (fig.  23)  is  fitted 
with  a  cork ;  two  holes  are  bored  through  the  cork,  the  one  for  a 
glass  tube  reaching  to  the  bottom  of  the  bottle  within,  and  ex- 
ternally bent  to  a  slightly  acute  angle,  the  other  for  a  tube  bent 
to  a  slightly  obtuse  angle,  the  inner  arm  terminating  just  within 
the  bottle.  The  outer  arms  may  be  about  3  inches  in  length.  The 
extremity  of  the  outer  arm  continuous  with  the  longer  tube  should 
be  previously  drawn  out  to  a  fine  capillary  opening  by  holding  the 
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original  tube,  before  cutting,  in  a  flame,  and,  when  soft,  slowly 
pulling  tbe  halves  away  from  each  other  until  the  heated  portion 
is  reduced  to  the  thinness  of  a  knitting-needle.  The  tube  is  now 
cut  at  the  thin  part  by  a  file,  and  the  sharp  edges  rounded  off  by 
placing  in  a  flame  for  a  second  or  two.  The  outer  extremity  of 
the  shorter  tube  should  also  be  made  smooth  in  the  flame.  The 
apparatus  being  put  together,  and  the  bottle  nearly  filled  with 
water,  air  blown  through  the  short  tube  by  the  lungs,  forces  water 
out  in  a  fine  stream  at  the  capillary  orifice. 

A  hot-iuater  iv  ashing -flash  (fig.  24)  is  made  in  the  manner  just 
described,  the  tubes  and  cork  being  fitted  into  a  flask  instead  of  a 
bottle. 


Fig.  25.  rig.  26.  Pig.  27. 


Decantation.  Decantation.  Siphon  in  action^ 

Decapitation. — Precipitates  may  also  be  washed  by  allowing 
them  to  settle,  pouring  off  the  supernatant  liquid  (fig.  25), 
agitating  with  water,  again  allowing  to  settle,  and  so  on.  This  is 
washing  by  decantation  (de,  from,  cantlius,  an  edge).  If  a  stream 
of  liquid  flowing  from  a  basin  or  other  vessel  exhibits  any  ten- 
dency to  run  down  the  outer  side  of  the  vessel,  it  should  be 
guided  by  a  glass  rod  placed  against  the  point  whence  the  stream 
emerges  (fig.  26). 

If  the  vessel  be  too  large  to  handle  with  convenience,  the  wash- 
water  may  be  drawn  off'  by  a  siphon,  as  shown  in  miniature  in 
fig.  27.  A  siphon  is  a  tube  of  glass,  metal,  gutta  percha,  or 
india-rubber,  bent  into  the  form  of  a  Y  or  U,  filled  with  water, 
and  inverted ;  one  end  immersed  in  the  wash-water,  and  the 
other  allowed  to  hang  over  the  side  of  the  vessel :  so  long  as  the 
outer  orifice  of  the  instrument  is  below  the  level  of  the  liquid  in 
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the  vessel,  so  long  will  that  liquid  flow  from  within  outwards 
until  the  vessel  be  empty*. 

Prepared  carbonate  of  calcium  {Creta  prcEparata,  B.  P.)  is 
merely  washed  chalk  {Creta,  E.  P.)  or  whiting,  only  that  in 
Pharmacy  fashion  demands  that  the  challv  be  in  little  conical 
lumps,  about  the  size  of  thimbles,  instead  of  in  the  larger  rolls 
characteristic  of  "whiting.''  Wet  whiting  pushed,  portion  by 
portion,  through  a  funnel,  and  each  separately  dried,  gives  the 
conventional  Creta  prceparata.    Its  powder  is  amorphous. 

Phosphate  of  Calcium. 

Fourth  Synthetical  Reaction. — Digest  bone-ash  (bones  burnt  in 
an  open  crucible  with  free  access  of  air  till  all  animal  and  carbo- 
naceous matter  has  been  removed, — impure  phosphate  of  calcium 
{Os  Ustum,  B.  P.))  with  nearly  twice  its  weight  of  hydrochloric 
acid  (diluted  with  three  or  four  times  its  bulk  of  water)  in  a  test- 
tube  or  larger  vessel ;  the  phosphate  is  dissolved. 

Ca32P0^    +    4HC1    =    CaH^2P0,   +  2CaCl, 

Phosphate  of        Hydrochloric        Acid  phosphate        Chloride  of 
calcium  (impure).  acid.  of  calcium.  calcium. 

Dilute  with  water,  filter,  boil,  and  when  cold  add  excess  of 
solution  of  ammonia ;  the  phosphate  of  calcium,  now  pure  (Calcis 
Fhosphas,  B.  P.,  Calcii  Fhosphas  Frecipitata,  U.  S.  P.),  is  repre- 
cipitated  as  a  light  white  amorphous  powder.  After  w^ell  washing, 
the  precipitate  should  be  dried  over  a  water-bath  (see  next  page), 
or  at  a  temperature  not  exceeding  212°,  to  prevent  undue  aggre- 
gation of  the  particles. 
CaH,2P0,  +  2CaCl^  +  4AmH0  =  Ca32PO,  +  4AmCl+  4H,0 

Acid  phosphate      Chloride        Ammonia.      Phosphate  of     Chloride  of  Water, 
of  calcium.        of  calcium.  calcium  (pure),  ammonium. 

*  The  nature  of  the  action  of  a  siphon  is  simple.  The  column  of  water  in 
the  outer  limb  is  longer,  and  therefore  heavier,  than  the  column  of  similar 
area  in  the  inner  limb.  (The  length  of  the  inner  limb  must  be  reckoned 
from  the  surface  of  the  liquid,  the  portion  below  the  surface  playing  no  part 
ia  the  operation.)  Being  heavier,  it  naturally  falls  by  gravitation,  the  liquid 
in  the  shorter  limb  instantly  following  because  pressed  upwards  by  the  air. 
The  air,  be  it  observed,  exerts  a  similar  amount  of  pressure  on  the  liquid  in 
the  outer  limb :  in  short  atmospheric  pressure  causes  the  retention  of  liquid 
in  the  instrument,  while  gravitation  determines  the  direction  of  the  flow. 
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Bone- ash  or  bone-earth  contains  small  quantities  of  carbonate 
and  sulphide  of  calcium.  These  are  decomposed  in  the  above 
process  by  the  acid,  chloride  of  calcium  being  formed ;  on  boiling 
the  mixture,  carbonic  acid  gas  and  sulphuretted  hydrogen  gas  are 
evolved.  Any  carbonaceous  or  siliceous  matter  etc.  is  removed 
by  filtration.  In  bones  the  phosphate  of  calcium  is  always 
accompanied  by  a  small  quantity  of  an  allied  substance,  phos- 
phate of  magnesium :  a  trace  of  fluoride  of  calcium  (CaF^)  is  also 
present. 

A  Water-bath  for  the  evaporation  of  liquids  or  for  drying  moist 
solids  at  temperatures  below  212°  E.  is  an  iron,  tin,  or  earthen- 
ware pan,  the  mouth  of  w^hich  can  be  narrowed  by  iron  or  tin 
diaphragms  of  various  sizes,  and  having  orifices  adapted  to  the 
diameters  of  evaporating-dishes  or  plates.  In  the  British  Phar- 
macopoeia, "  when  a  ivater-hath  is  directed  to  be  used,  it  is  to  be 
understood  that  this  term  refers  to  an  apparatus  by  means  of 
which  water  or  its  vapour,  at  a  temperature  not  exceeding  212°, 
is  applied  to  the  outer  surface  of  a  vessel  containing  the  sub- 
stance to  be  heated,  which  substance  may  thus  be  subjected  to  a 
heat  near  to,  but  necessarily  below,  that  of  212°.  In  the  steam- 
hath  the  vapour  of  water  at  a  temperature  above  212°,  but  not 
exceeding  230°,  is  similarly  applied."  Evaporation  in  vacuo  is 
performed  by  simply  placing  the  vessel  of  liquid  over  or  by  the 
side  of  a  small  reservoir  of  strong  sulphuric  acid,  or  other  absor- 
bent of  moisture,  on  the  plate  of  an  air-pump,  covering  with  a 
capacious  glass  hood  or    receiver,"  and  exhausting. 

Bone-hlacJc,  or  Animal  Charcoal  (Carho  Animalis,  B.  P.),  is  the 
residue  obtained  on  subjecting  dried  bones  to  a  red  heat  without 
access  of  air.  The  operation  may  be  imitated  by  heating  a  few 
fragments  of  bone  in  a  covered  porcelain  crucible  in  a  fume- 
chamber  until  smoke  and  vapour  cease  to  be  evolved.  Purified 
Animal  Charcoal  (Carho  Animalis  Purificatus,  B.  P.)  is  obtained 
by  digesting  animal  charcoal  (16  parts)  in  hydrochloric  acid  (10 
parts)  and  water  (20  parts)  in  a  warm  place  for  a  day  or  two, 
filtering,  thoroughly  washing,  drying  over  a  water-bath,  and 
igniting  the  product  in  a  closely  covered  crucible.    The  reaction 
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is  the  same  as  that  just  described;  that  is  to  say,  the  acid 
removes  the  phosphate  of  calcium  from  the  carbon  of  the  animal 
charcoal  by  forming  soluble  acid  phosphate  and  chloride  of  calcium. 

Wood  Charcoal  (Carho  Ligni,  E.  P.)  is  wood  similarly  ignited 
without  access  of  air. 

Decolorizing  poiver  of  Animal  Charcoal, — Animal  charcoal,  in 
small  fragments,  is  the  material  employed  in  decolorizing  solu- 
tions of  common  brown  sugar  with  the  view  of  producing  white 
lump  sugar.  Its  power  and  the  nearly  equal  power  of  an  equi- 
valent quantity  of  the  purified  variety  may  be  demonstrated  on 
solution  of  litmus  or  logwood. 

Phosphate  of  Sodium. — Phosphate  of  calcium  is  converted  into 
phosphate  of  sodium  (Sodoi  Phosphas,  B.  P.,  Sodii  Phosphas, 
U.  S.  P.)  (]N[a^HPO„  12H^0)  as  follows :— Mix,  in  a  mortar, 
3  ounces  of  ground  bone-earth  with  1  fluid  ounce  of  sulphuric 
acid  ;  set  aside  for  twenty-four  hours  to  promote  reaction ;  mix 
in  about  3  ounces  of  water,  and  put  in  a  warm  place  for  two  days, 
a  little  water  being  added  to  make  up  for  that  lost  by  evaporation  ; 
stir  in  another  3  ounces  of  water,  warm  the  whole  for  a  short 
time,  filter,  and  wash  the  residual  sulphate  of  calcium  on  the 
filter  to  remove  adhering  acid  phosphate  of  calcium  ;  concentrate 
the  JUtrate  (the  liquid  portion),  which  is  a  solution  of  acid 
phosphate  of  calcium,  to  about  3  ounces,  filter  again  if  necessary, 
add  solution  of  (about  4|  ounces  of  crystals  of)  carbonate  of  so- 
dium to  the  hot  filtrate  until  a  precipitate  (a  phosphate  of  calcium^, 
CaHPO J  ceases  to  form,  and  the  fluid  is  faintly  alkaline  ;  filter, 
evaporate,  and  set  aside  to  crystallize. 

Phosphate  of  sodium  occurs  "  in  transparent  colourless  rhombic 
prisms,  terminated  by  four  converging  planes,  efilorescent,  tasting 
like  common  salt."  One  part  in  ten  of  water  constitutes  "  Solu- 
tion of  Phosphate  of  Soda,"  E.  P.  This  is  the  ofiicial  as  well  as 
the  ordinary  process.  The  following  equations  show  the  two 
decompositions  which  occur  during  the  operations  : — 
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Ca32P0,    +    2H,S0^    =    CaH,2P0^    +  2CaS0^ 

Phosphate  Sulphuric  Acid  phosphate  Sulphate  of 

of  calcium.  acid.  of  calcium.  calcium. 

CaH^2P0^  +  ISTa.COg  =  Ka^HPO,  +         +  CO,  +  CaHPO, 

Acid  phosphate       Carbonate         Phosphate  of       Water.      Carbonic  Monocalcic 
of  calcium.  of  sodium.  sodium.  acid  gas.  phosphate. 

Ordinary  phosphate  of  sodium  (N'a^HPO^,  I2H2O)  effloresces 
rapidly  in  the  air  until  nearly  half  its  water  has  escaped,  when 
it  has  a  permanent  composition  represented  by  the  formula 
m,HPO^,  7H,0. 

Hypochlorite  of  Calcium. 

Fifth  Synthetical  Reaction, — Pass  chlorine,  generated  as  already 
described,  into  damped  slaked  lime  contained  in  a  piece  of  wide 
tubing,  open  at  the  opposite  end  to  that  in  which  the  delivery-tube 
is  fixed.  (A  test-tube,  the  bottom  of  which  has  been  accidentally 
broken,  is  very  convenient  for  such  operations.)  The  product  is 
ordinary  bleaching -powder,  a  compound  of  hypochlorite  and 
chloride  of  calcium,  commonly  called  chloride  of  lime,  the  Calx 
Chlorata  of  the  British  Pharmacopoeia. 

MnO^    -h    4HC1    =    MnCl,    -F    211.^    +  CI, 

Black  oxide        Hydrochloric        Chloride  of  Water.  Chlorine, 

of  manganese.  acid.  manganese. 

Chlorinated  lime. 

2CaH,0^    -h    2C1,    =    2H^0    +    CaCl^O^    ,  CaCl, 

Hydrate  of  Chlorine.  Water.  Hypochlorite  Chloride 

calcium.  of  calcium.       of  calcium. 

Chlorinated  lime  exposed  to  air  and  moisture,  as  in  disinfect- 
ing the  atmosphere  of  sick  rooms,  slowly  yields  hypochlorous  acid 
(HCIO).  Pree  hypochlorous  acid  soon  breaks  up  into  water,  chlo- 
ric acid  (HCIO3),  and  free  chlorine.  Chloric  acid  is  also  unstable, 
decomposing  into  oxygen,  chlorine,  water,  and  perchloric  acid 
(HCIO^).  The  small  quantity  of  hypochlorous  acid  diffused 
through  an  apartment  when  bleaching-powder  is  exposed  thus 
yields  fourteen-fifteenths  of  its  chlorine  in  the  form  of  chlorine 
gas — one  of  the  most  efficient  of  known  disinfectants. 

Constitution  ofhleaching-poiuder, — Treated  with  alcohol,  bleach- 
ing-powder does  not  yield  its  chloride  of  calcium  to  the  solvent ; 
hence  the  powder  is  not  a  mere  mixture  of  chloride  and  hypo- 
chlorite of  calcium :  water,  also,  does  not  dissolve  out  first  one 


CALCIUM. 


117 


salt  and  then  the  other,  but  both  together,  in  the  molecular  pro- 
portions of  the  above  formula.  On  the  other  hand,  when  the 
aqueous  solution  is  cooled,  or  evaporated  in  vacuo,  crystals  are 
obtained  which  Kingzett  has  shown  to  be  nearly  pure  hypochlorite 
of  calcium,  the  solution  containing  chloride  of  calcium.  While 
the  former  fact  indicates  that  the  powder  is  a  compound,  and  not 
a  mere  mixture,  the  latter  indicates  that  it  is  a  feeble  compound — 
an  adhesion  of  molecules  of  hypochlorite  and  chloride,  as  shown 
in  the  equation,  rather  than  any  more  intimate  or  closer  com- 
bination of  atoms.    If  it  be  regarded  as  a  single  rather  than  a 

double  salt,  then  the  following  formula  may  be  employed,  Ca  j  ^-j^^. 

Bleacliing -liquor. — Digest  chlorinated  lime  in  water,  in  which 
the  bleaching  compound  is  soluble,  filter  from  the  undissolved 
lime,  and  test  the  bleaching-powers  of  the  clear  liquid  by  adding 
a  few  drops  to  a  decoction  of  logwood  slightly  acidulated.  One 
pound  of  this  bleaching-powder,  shaken  several  times  during 
three  hours  with  1  gallon  of  water,  forms  the  official  Solution  of 
Chlorinated  Lime  (Liquor  Calcis  Ghloratce,  B.  P.). 

Gnmmate  of  Calcium. 

Gummate  of  Calcium  is  the  only  official  calcium  salt  that  re- 
mains to  be  noticed.  This  compound  is,  in  short,  arahin,  the 
ordinary  Gum-Acacia  or  Gum-Arabic  (Acacice  Gummi,  B.  P.), 
a  substance  too  well  known  to  need  description.  A  solution  of 
gum-arabic  in  water  (Mucilago  Acaciw,  B.  P.)  yields  a  white 
precipitate  of  oxalate  of  calcium  on  the  addition  of  solution  of 
oxalate  of  ammonium.  Or  a  piece  of  gum  burnt  to  an  ash  in  a 
porcelain  crucible  yields  a  calcareous  residue,  which,  dissolved  in 
dilute  acids,  affords  characteristic  reactions  with  any  of  the  fol- 
lowing analytical  reagents  for  calcium.  In  some  specimens  of 
gum-arabic  a  portion  of  the  calcium  is  displaced  by  an  equivalent 
quantity  of  potassium  or  magnesium.  The  gummic  radical  may 
be  precipitated  as  opaque  gelatinous  gummate  of  lead  by  the 
addition  of  solution  of  oxyacetate  of  lead  (Liquor  Plumhi  Suh- 
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acetatis,  B.  P.)  to  an  aqueous  solution  of  gum.  These  statements 
may  be  experimentally  verified  by  the  practical  student. 

Tragacanth  {Tragacantha,  B.  P.)  is  a  mixture  of  soluble 
arabinoid  gum  and  a  variety  of  calcium  gum  insoluble  in  water, 
termed  hassorin.  With  water  a  gelatinous  mucilage  is  formed 
{Mucilago  TragacanthcBy  B.  P.). 

Eeactiok^s  having  Aj^talttical  Ii^teeest  (Tests). 

First  Analytical  Reaction. — Add  sulphuric  acid,  highly  diluted, 
to  a  calcium  solution  contained  in  a  test-tube  or  small  test-glass ; 
sulphate  of  calcium  (CaSO^,  SH^O)  is  formed,  but  is  not  precipi- 
tated, it  being,  unlike  sulphate  of  barium,  slightly  soluble  in 
water. 

Solution  of  Sulphate  of  Calcium. — A  quarter  of  an  ounce  of 
that  (dried)  form  of  sulphate  of  calcium  known  as  plaster  of  paris 
(CaSOJ  digested  in  one  pint  of  water  for  a  short  time,  with  occa- 
sional shaking,  and  the  mixture  filtered,  yields  the  official  test- 
liquid  termed  "  Solution  of  Sulphate  of  Lime,"  B.  P.  About  400 
parts  of  the  solution  contain  1  of  sulphate  of  calcium. 

Second  Analytical  Ueaction. — Add  yellow  chromate  of  potas- 
sium (K^CrOJ  to  a  calcium  solution  slightly  acidified  with  acetic 
acid ;  chromate  of  calcium  (CaCrO^)  is  probably  formed,  but  is 
not  precipitated.    Barium  is  precipitated  by  the  chromic  radical. 

These  two  negative  reactions  are  most  valuable  in  analysis,  as 
every  precipitant  of  calcium  is  also  a  precipitant  of  barium ;  but 
the  above  two  reagents  are  precipitants  of  barium  only.  Hence 
calcium,  which  when  alone  can  be  readily  detected  by  the  following- 
reactions,  cannot  by  any  reaction  be  detected  in  the  presence  of 
barium.  But  by  the  sulphuric  or  chromic  test  barium  is  easily 
removed,  and  then  either  of  the  following  reagents  will  throw 
down  the  calcium. 

Other  Analytical  Reactions. — Add  carbonate  of  ammonium, 
phosphate  of  sodium,  arseniate  of  ammonium,  and  oxalate  of 
ammonium  to  calcium  solutions  as  described  under  the  analytical 
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reactions  of  barium,  and  write  out  descriptive  equations.  The 
precipitates  correspond  in  appearance  to  those  of  barium ;  their 
constitution  is  also  similar,  hence  their  correct  formulae  can 
easily  be  deduced.  Of  these  precipitants  oxalate  of  ammonium  is 
that  most  commonly  used  as  a  reagent  for  calcium  salts,  barium 
being  absent.    The  oxalate  of  calcium  is  insoluble  in  acetic,  but 

soluble  in  hydrochloric  or  nitric,  acids.  Calcium  compounds 

impart  a  reddish  colour  to  flame. 


QUESTIONS  AND  EXERCISES. 

142.  Enumerate  some  of  the  common  natural  compounds  of 
calcium. 

143.  Explain,  by  an  equation,  the  action  of  hydrochloric  acid 
on  marble.    What  official  compound  results  ? 

144.  Why  is  chloride  of  calcium  used  as  a  desiccator  for  gases  ? 

145.  How  would  you  purify  Chloride  of  Calcium  which  has 
been  made  from  ferruginous  marble  ?    Give  diagrams. 

146.  Write  a  few  lines  on  the  chemistry  of  the  lime-kiln. 

147.  In  what  sense  is  the  conversion  of  chalk  into  lime  an 
analytical  action  ? 

148.  What  occurs  when  lime  is  slaked  ? 

149.  To  what  extent  is  lime  soluble  in  water  {Liquor  Calcis, 
B.  P.)  ?  to  what  in  Syrup  (Liquor  Calcis  Saccharatus,  B.  P.)  ? 

150.  Describe  the  preparation  of  the  official  Precipitated  Car- 
bonate of  Calcium  {Calcis  Carhonas  Prcecipitata,  B.  P.)  ;  in  what 
does  it  differ  from  Prepared  Chalk  {Greta  Prceparata,  B.  P.)  ? 

151.  In  what  does  filtering-paper  differ  from  other  kinds  of 
paper  ? 

152.  Explain  the  construction  of  "a  washing-bottle "  for 
cleansing  precipitates  by  water. 

153.  Define  clecantation. 

154.  Describe  the  construction  and  manner  of  employment  of 
a  siphon. 

155.  Explain  the  mode  of  action  of  a  siphon. 

156.  What  is  the  difference  between  Os  Ustum^  B.  P.,  and 
Calcis  Pliosphas,  B.  P.  ? 

157.  How  is  "  Bone-earth  "  purified  for  use  in  medicine? 

158.  Explain  the  action  of  hydrochloric  acid  on  Animal  Char- 
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coal  in  tlie  conversion  of  Carlo  Animcdis,  B.  P.,  into  Carlo  Am- 
mails  Fwrificatiis,  B.  P. 

159.  What  is  the  chemical  difference  between  Carlo  Animalis, 
B.  P.,  and  Carlo  Lignl,  B.  P.  ? 

160.  Give  equations  showing  the  conversion  of  Phosphate  of 
Calcium  into  Phosphate  of  Sodium. 

161.  Write  a  short  article  on  the  manufacture,  composition, 
and  uses  of  "  bleaching-powder  "  (Cala^  Clilorata,  B.  P.). 

162.  How  may  calcium  be  detected  in  Gum- Arabic  ? 

163.  State  the  chemical  nature  of  Tragacanth. 

164.  To  what  extent  is  sulphate  of  calcium  soluble  in  water? 

165.  Can  calcium  be  precipitated  from  an  aqueous  solution 
containing  barium  ? 

166.  Barium  being  absent,  what  reagents  may  be  used  for  the 
detection  of  calcium  ?    Which  is  the  chief  test  ? 

MAGNESIUM. 

Symbol  Mg.    Atomic  weight  24. 

Source, — Magnesium  is  abundant  in  nature  in  the  form  of 
magnesian  or  mountain  limestone,  or  dohmite,  a  double  carbo- 
nate of  magnesium  and  calcium  in  common  use  as  a  building- 
stone  {e.  g.  the  Houses  of  Parliament  and  the  School  of  Mines  in 
London),  and  magnesite,  a  tolerably  pure  carbonate  of  magnesium, 
though  too  ^'  stony  "  for  direct  use  in  medicine,  even  if  very  finely 
powdered.  Chloride  of  magnesium  and  sulphate  of  magnesium 
(Epsom  salt)  also  occur  in  sea-water  and  the  water  of  many 
springs.  Metallic  magnesium  may  be  obtained  from  the  chloride 
by  the  action  of  sodium.  It  burns  readily  in  the  air,  emitting  a 
dazzling  light  due  to  the  white  heat  to  which  the  resulting  par- 
ticles of  magnesia  (MgO)  are  exposed.  The  chloride  employed  as 
a  source  of  the  metal  is  obtained  by  dissolving  the  carbonate  in 
hydrochloric  acid,  adding  some  chloride  of  ammonium,  evaporating 
to  dryness,  heating  the  residue  in  a  flask  (on  the  small  scale  a 
large  test-tube  or  fiorence  flask)  until  the  chloride  of  ammonium 
is  all  volatilized,  and  the  chloride  of  magnesium  remains  as  a 
clear  fused  liquid.  The  latter  is  poured  on  to  a  clean  earthen- 
ware slab.  The  chloride  of  ammonium  prevents  reaction  between 
chloride  of  magnesium  and  water  in  the  last  stages  of  the 
operation,  and  consequent  formation  of  oxide  (or  oxychloride)  of 
magnesium  and  hydrochloric  acid  gas. 

Quantivalence, — The  atom  of  magnesium  is  bivalent,  Mg". 
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Eeactioks  HAYiNa  Synthetical  Inteeest. 
Sulphate  of  Magnesium. 

First  Synthetical  Beaction. — To  a  few  drops  of  sulphuric  acid 
and  a  httle  water  in  a  test-tube  (or  to  larger  quantities  in  larger 
vessels)  add  carbonate  of  magnesium  (powdered  native  carbonate, 
magnesite,  MgCOg,  is  best)  until  eifervescence  ceases,  subsequently- 
boiling  to  aid  in  the  expulsion  of  the  carbonic  acid  gas.  The 
filtered  liquid  is  a  solution  of  sulphate  of  magnesium  (MgSO^), 
crystals  of  which,  E^som  salt  (MgSO^,  TH^O)  (Magnesice  Sulphas, 
B.  P.,  Magnesii  Sulphas,  U.  S.  P.),  may  be  obtained  on  evaporating 
most  of  the  water,  and  setting  the  concentrated  solution  aside  to 
cool.  This  is  an  ordinary  manufacturing  process.  Instead  of 
magnesite,  dolomite,  the  common  magnesian  limestone  (carbonate 
of  magnesium  and  of  calcium,  CaCOg,  MgCOg),  may  be  employed, 
any  iron  being  removed  by  evaporating  the  solution  (filtered  from 
the  sulphate  of  calcium  produced)  to  dryness,  gently  igniting  to 
decompose  sulphate  of  iron,  dissolving  in  water,  filtering  from 
oxide  of  iron,  and  crystallizing. 

MgC03    +    H^SO,    =    MgSO^    +    H,0    +  CO, 

"  Magnesite."  Sulphuric  Sulphate  of  Water.  Carbonic 

acid.  magnesium.  acid  gas. 

Sulphate  of  magnesium  readily  crystallizes  in  large,  colourless, 
transparent,  rhombic  prisms ;  but,  from  concentrated  solutions, 
the  crystals  are  deposited  in  short  thin  needles,  a  form  more  con- 
venient for  manipulation,  solution,  and  general  use  in  medicine. 

Iron  may  be  detected  in  sulphate  of  magnesium  by  adding  the 
common  alkaline  solution  of  chlorinated  lime  or  chlorinated  soda 
to  some  aqueous  solution  of  the  salt,  brown  hydrate  of  iron 
(Ee^GHO)  being  precipitated.  Sulphydrate  of  ammonium  will 
also  give  a  black  precipitate  if  iron  be  present. 

Carbonates  of  Magnesium. 

Second  Synthetical  Beaction, — To  solution  of  sulphate  of  mag- 
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nesium  add  solution  of  carbonate  of  sodium  and  boil ;  the  result- 
ing precipitate  is  light  carbonate  of  magnesium  {Magnesice  Car- 
hcnas  Levis,  B.  P.),  a  white,  partly  amorphous,  partly  minutely 
crystalline  mixture  of  carbonate  and  hydrate  of  magnesium 
(SMgCOg,  Mg2B:0,  4Bl^0).  A  denser,  slightly  granular  preci- 
pitate of  similar  chemical  composition  (Magnesice  Carhonas,  B.  P.) 
is  obtained  on  mixing  strong  solutions  of  the  above  salts,  evapo- 
rating to  dryness,  then  removing  the  sulphate  of  sodium  by 
digesting  the  residue  in  hot  water,  filtering,  washing,  and  drying 
the  precipitate. 

4MgS0, + 4mjOO^  +  Hp = 3MgC03,  Mg2H0  +  4Ka,S0, + CO, 

Sulphate  of     Carbonate      Water.       Official  carbonate  of  Sulphate  Carbonic 

magnesium.     of  sodium.  magnesium.  of  sodium,    acid  gas. 

The  ofiicial  proportions  for  the  light  carbonate  are  10  of  sul- 
phate of  magnesium  and  12  of  crystals  of  carbonate  of  sodium, 
each  dissolved  in  80  of  cold  water,  the  solutions  mixed,  boiled 
for  15  minutes,  the  precipitate  collected  on  a  filter,  well  washed, 
drained,  and  dried  over  a  water- bath.  The  heavier  carbonate 
is  made  with  the  same  proportions  of  salts,  each  dissolved  in 
20  instead  of  80  of  water,  the  mixture  evaporated  quite  to 
dryness,  and  the  residue  washed  by  decantation  or  filtration  until 
all  sulphate  of  sodium  is  removed  (shown  by  a  white  preci- 
pitate— sulphate  of  barium — ceasing  to  form  on  the  addition 
of  solution  of  chloride  or  nitrate  of  barium  to  a  little  of  the 
filtrate).  Carbonate  of  magnesium  is  of  course  official  in  the 
United-States  Pharmacopoeia  (Magnesii  Carhonas), 

Another  (Pattinson^s)  Process. — Considerable  quantities  of  car- 
bonate of  magnesium  are  now  prepared  by  treating  dolomite 
(p.  121)  with  carbonic  acid  under  pressure.  Of  the  two  carbonates 
the  magnesian  is  dissolved  first,  and  is  precipitated  from  the  clear 
liquid  by  the  heat  of  a  current  of  steam.    (See  next  reaction.) 

Third  Synthetical  Peaction, — Pass  carbonic  acid  gas,  generated 
as  described  on  page  67,  into  a  mixture  of  water  and  carbonate 
of  magnesium  contained  in  a  test-tube.  After  some  time,  sepa- 
rate undissolved  carbonate  by  filtration ;  the  filtrate  contains 
carbonate  of  magnesium  dissolved  by  carbonic  acid.    When  of  a 
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strength  of  about  13  grains  in  one  ounce,  such  a  solution  consti- 
tutes ''Fluid  Magnesia    (Liquor  Magnesia}  Carhonatis,  B.  P.). 

Officially  1  pint  is  directed  to  be  made  from  freshly  prepared 
carbonate.  The  latter  is  obtained  by  adding  a  hot  solution  of 
2  ounces  of  sulphate  of  magnesium  in  half  a  pint  of  water  to 
one  of  2 1  ounces  of  crystals  of  carbonate  of  sodium  in  another 
half-pint  of  water,  boiling  the  mixture  for  a  short  time  (to  com- 
plete decomposition),  filtering,  thoroughly  washing  the  precipitate, 
placing  the  latter  in  1  pint  of  distilled  water,  and  transmitting 
carbonic  acid  gas  through  the  liquid  (say,  at  the  rate  of  three  or 
four  bubbles  per  second)  for  an  hour  or  two,  then  leaving  the 
solution  in  contact  with  the  gas  under  slight  pressure  for  twenty- 
four  hours,  and,  finally,  filtering  from  undissolved  carbonate, 
and,  after  passing  in  a  little  more  gas,  keeping  in  a  well-corked 
bottle.  Slight  pressure  is  best  created  by  placing  the  carbonate 
and  water  in  a  bottle  fitted  with  a  cork  and  tubes  as  for  a  wash- 
bottle  (p.  97),  conveying  the  gas  by  a  tube  which  reaches  to  the 
bottom,  and  allowing  excess  of  gas  to  fiow  out  by  the  upper 
tube,  the  external  end  of  which  is  continued  to  the  bottom  of  a 
common  phial  containing  about  an  inch  of  mercury.  The  phial 
should  be  loosely  plugged  with  cotton  wool,  to  prevent  loss  of 
metal  by  spurting  during  the  flow  of  the  gas  through  it.  (Each 
inch  in  depth  of  mercury  through  which  the  gas  escapes  corre- 
sponds to  about  half-a-pound  pressure  on  every  square  inch  of 
surface  within  the  apparatus.) 

Heat  a  portion  of  the  solution  ;  true  carbonate  of  magnesium 
containing  combined  water  (MgCOg,  BH^O)  is  precipitated.  The 
water  in  this  compound  is  probably  in  the  state  of  water  of 
crystallization,  for  a  salt  having  the  same  composition  is  depo- 
sited in  crystals  by  the  spontaneous  evaporation  of  the  solution 
of  carbonate  of  magnesium.  The  official  ''  carbonate  "  (SMgCOg, 
Mg2II0,  4H2O)  is  another  of  these  very  common  hydrous  com- 
pounds. 

Exposed  to  cold,  the  solution  of  "  fluid  magnesia  "  sometimes 
affords  large  thick  crystals  (MgCOg,  SH^O),  which,  in  contact 
with  the  air,  lose  water,  become  opaque,  and  then  have  the  com- 
position of  those  deposited  by  evaporation  (MgCOg,  SH^O). 

Oxide  of  Magnesium.  Magnesia. 
Fourth  Synthetical  Eeaction. — Heat  light  dry  carbonate  of  mag- 
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nesium  in  a  porcelain  crucible  over  a  lamp  (or  in  a  larger  earthen 
crucible  in  a  furnace)  till  it  ceases  to  effervesce  on  adding,  to  a 
small  portion,  water  and  acid;  the  residue  is  light  magnesia 
(MgO)  (Magnesia  Levis,  B.  P.).  The  same  operation  on  the 
heavy  carbonate  yields  heavy  magnesia  (MgO)  (Magnesia,  B.  P.). 
Both  are  sometimes  spoken  of  as  "  calcined  magnesia."  A  given 
weight  of  the  official  light  magnesia  occupies  three  and  a  half 
times  the  bulk  of  the  same  weight  of  heavy  magnesia. 

3MgC03,Mg2HO    =    4MgO    +  4-  3C0, 

Ofl&eial  carbonate  of  Oxide  of  Water.  Carbonic 

magnesium.  magnesium.  acid  gas. 

A  trace  only  of  magnesia  is  dissolved  by  pure  water.  Moisten 
a  grain  or  two  of  magnesia  with  water,  and  place  the  paste  on  a 
piece  of  red  litmus-paper ;  the  wet  spot,  after  a  time,  becomes 
blue,  showing  that  the  magnesia  is  slightly  soluble. 

"  Effervescing  Citrate  of  Magnesia,^^  so-called,  is  generally  a 
mixture  of  bicarbonate  of  sodium,  citric  acid,  tartaric  acid,  sugar, 
either  carbonate  or  sulphate  of  magnesium  or  both,  and  flavouring 
essences.  True  citrate  of  magnesium  is  easily  made  by  heating 
together  calcined  magnesia  and  citric  acid  ;  it  is  frequently  pre- 
scribed in  Prance  in  doses  of  two  ounces. 

The  official  Effervescing  "  Solution  of  Citrate  of  Magnesia  " 
(Liquor  Magnesias  Citratis^  B.  P.)  is  made  by  dissolving  carbonate 
of  magnesium  in  slight  excess  of  solution  of  citric  acid,  adding 
lemon-syrup,  placing  the  diluted  liquid  in  an  aerated-water 
bottle,  dropping  in  crystals  of  bicarbonate  of  potassium,  corking, 
"  wiring,"  and  shaking  till  the  crystals  are  dissolved.  This  pre- 
paration is  similar  to  the  Liquor  Magnesii  Citratis  of  the  United- 
States  Pharmacopoeia. 

The  formula  of  citrate  of  magnesium  deposited  from  solution  is 
Mg,2C,H,0„  14H,0. 

Eeactions  having  Analytical  Inteeest  (Tests). 

First  Analytical  Reaction. — Add  solution  of  hydrate  or  car- 
bonate of  ammonium  to  a  magnesian  solution  (sulphate  for  ex- 
ample) and  warm  the  mixture  in  a  test-tube ;  the  precipitation  of 
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part  only  of  the  magnesium  as  hydrate  (Mg2H0)  or  carbonate 

(MgCOg)  occurs.    Add  now  to  a  small  portion  of  the  mixture  of 

precipitate  and  liquid  a  considerable  excess  of  solution  of  chloride 

of  ammonium  ;  the  precipitate  is  dissolved. 

This  is  an  important  reaction,  especially  as  regards  carbonate 
of  magnesium,  the  presence  of  chloride  of  ammonium  enabling 
the  analyst  to  throw  out  from  a  solution  barium  and  calcium  by 
an  alkaline  carbonate,  magnesium  being  retained.  The  cause  of 
this  reaction  is  found  in  the  tendency  of  magnesium  to  form  soluble 
double  salts  with  potassium,  sodium,  or  ammonium.  In  analysis, 
the  chloride  of  ammonium  should  be  added  before  the  carbonate, 
as  it  is  easier  to  prevent  precipitation  than  to  redissolve  a  preci- 
pitate once  formed. 

Second  Analytical  Beaction. — To  some  of  the  solution  resulting 
from  the  last  reaction,  add  solution  of  phosphate  of  sodium  or  am- 
monium ;  phosphate  of  magnesium  and  ammonium  (MgNH^PO^) 

is  precipitated.  Third,  To  another  portion  add  arseniate  of 

ammonium ;  arseniate  of  magnesium  and  ammonium  (MgNH^AsO^) 
is  precipitated. 

I^ote, — Barium  and  calcium  are  also  precipitated  by  alkaline 
phosphates  and  arseniates.  The  other  precipitants  of  magnesium 
are  also  precipitants  of  barium  and  calcium.  In  other  words, 
there  is  no  direct  test  for  magnesium.  Hence  the  analyst  always 
removes  any  barium  or  calcium  by  an  alkaline  carbonate,  as  above 
indicated ;  the  phosphate  of  sodium,  or  arseniate  or  phosphate  of 
ammonium,  then  become  very  delicate  tests  of  the  presence  of 
magnesium.  In  speaking  of  magnesium  tests,  the  absence  of 
barium  and  calcium  salts  is  to  be  understood. 


QUESTIOT^S  AND  EXEECISES. 

167.  ITame  the  natural  sources  of  the  various  salts  of  magne- 
sium. 

168.  Give  a  process  for  the  preparation  of  Epsom  salt. 

169.  Draw  diagrams  illustrative  of  the  formation  of  sulphate 
of  magnesium  from  magnesite  and  from  dolomite. 
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170.  Show  by  an  equation  the  process  for  the  preparation  of 
the  official  Carbonate  of  Magnesium. 

171.  What  circumstances  determine  the  two  different  states 
of  aggregation  of  the  official  Carbonates  of  Magnesium  (Magnesice 
Carbonas  and  Magnesice  Carbonas  Levis ^  B.  P.)  ? 

172.  What  are  the  relations  oi  Magnesia^  B.  P.,  and  Magnesia 
Levis ^  B.  P.,  to  the  official  Carbonates  of  Magnesium  ? 

173.  How  much  denser  is  the  one  than  the  other  ? 

174.  Is  magnesia  soluble  in  water  ? 

175.  How  is  "  Pluid  Magnesia  "  prepared  ? 

176.  Mention  the  effects  of  heat  and  cold  on  "  Pluid  Mag- 
nesia." 

177.  How  much  magnesia  (MgO)  can  be  obtained  from  100 
grains  of  Epsom  salt  ? 

178.  Calculate  the  amount  of  official  Carbonate  of  Magnesium 
which  will  yield  100  grains  of  magnesia. 

179.  Can  magnesium  be  detected  in  presence  of  barium  and 
calcium  ? 

180.  Describe  the  analysis  of  an  aqueous  liquid  containiug 
salts  of  barium,  calcium,  and  magnesium. 

181.  How  may  magnesium  be  precipitated  from  solutions  con- 
taining ammoniacal  salts  ? 

Quantivalence, 

On  reviewing  the  foregoing  statements  regarding  compounds 
of  the  three  univalent  radicals,  potassium,  sodium,  and  ammo- 
nium, and  the  three  bivalent  elements,  barium,  calcium,  and 
magnesium,  the  doctrine  of  quantivalence  will  be  more  clearly 
understood  and  its  usefulness  more  apparent.  Quantivalence, 
or  the  value  of  atoms,  is,  in  short,  in  chemistry,  closely  allied  to 
value  in  commercial  barter.  A  number  of  articles,  differing  much 
in  weight,  appearance,  and  general  characters,  may  be  of  equal 
money  value ;  and  if  these  be  regarded,  for  convenience,  as 
having  a  sort  of  unit  of  value,  others  worth  double  as  much 
might  be  termed  bivalent,  three  times  as  much  trivalent,  and  so 
on.  In  like  manner,  chemical  radicals,  no  matter  whether  ele- 
mentary, like  potassium  (K),  iodine  (I),  or  sulphur  (S),  or  com- 
pound, like  those  of  nitrates  (NO3),  sulphates  (SO^),  or  acetates 
(C^HgOg),  have  a  given  chemical  value  in  relation  to  each  other, 
and  are  exchangeable  for,  or  will  unite  with,  each  other  to  an 
extent  determined  by  that  value. 
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Most  chemical  salts  apparently,  though  probably  not  really, 
have  two  parts,  a  basylous  and  an  acidulous,  the  one  quanti- 
valently  balancing  the  other.  The  formulse  of  the  chief  of  these 
radicals  and  their  quantivalence  are  given  in  the  following  Table. 
Examples  of  formulae  of  salts  containing  univalent,  bivalent,  and 
trivalent  radicals  are  also  appended. 


QUAI^TIVALENCE  OP  CoMMOiq-  EaDICALS. 


Univalent  Eadicals 
or  Monads, 

Bivalent  Eadicals, 
or  Dyads, 

Trivalent  Eadicals, 
or  Triads. 

Acidulous.  Basylous. 

H  H 
Cl  K 

I  Js^a 
HO  JSTH, 
NO,  Ag 
C,H30,  Hg(ous) 

Acidulous.  Basylous. 
0  Ca 
SO,  Mg 
CO3  Zn 
C.O,  Cu 
C;H,0,  Hg(ic) 
S  Ee(ous) 

Acidulous.  Basylous. 
PO,  As 
BO3  Sb 
C3H.O,  Bi 
ASO3     r  Ee^^^(ic) 
AsO,     <  or 

[re",(ic) 

Note. — The  hydrogen  (H)  in  the  basylous  part  of  salts  has 
entirely  different  functions  to  the  hydrogen  (H)  in  the  acidulous 
part.  The  latter  gives  compounds  commonly  termed  hydrides 
(e.  g.  AsHg) ;  in  the  former  the  element  is  the  basylous  radical 
of  acids  (e.  g.  HCl,  H^SO^).  In  compound  radicals,  e.  g.  C^HgO^, 
or  ]N"H,,  the  properties  of  hydrogen  are  no  longer  apparent :  the 
chemical  force  resident  with  the  atoms  of  such  radicals  seems  to 
be  mainly  exerted  in  binding  those  atoms  together. 

Examples  of  Formulce  containing  Univalent,  Bivalent,  and 
Trivalent  Radicals. 

The  reader  will  find  instructive  practice  in  writing  twenty'Qr- 
thirty  imaginary  formulae  of  salts  by  placing  in  juxtaposition 
acidulous  and  basylous  radicals,  as  in  the  following  examples. 
Just  as  in  a  pair  of  scales  a  2-lb.  weight  must  be  balanced  by 
two  1-lb.  weights,  or  a  4-lb.  weight  by  two  2-lb.  weights,  or  by 
one  3-lb.  and  one  1-lb.  weight,  so  a  bivalent  radical  unites  with 
a  bivalent  radical  or  with  two  univalent  radicals,  a  quadrivalent 
radical  with  two  bivalent  radicals,  or  with  one  trivalent  and  one 
univalent  radical,  and  so  on. 
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(B;=any  basylous  radical.)    (i2  =  any  acidulous  radical.) 
General  formtdcB.  Exam'ples. 

^B!    KI,  ITaCl,  ]^H^C,H30^,  k^m^. 

  CaCl,,  Zn2C,H30^,  Pb2N03  (BaT^03aH.0j. 

E"'i2'3    Bi3N03,  ASH3,  SbClg. 

R'.^"  1   r  K,C03,  I^a,SO„  H,C,H,0,. 

E'R'i^"  ....  J  t  KHCO3,  NaHSO^,  KHC^H.O,. 
■K^W    ....  1  I  Am3P0,,  K^C^H^O,,  H3ASO3. 
E'.E'i^'". .  . .  J  \  Na^HPO,,  JN'a^HAsO^. 

E"i2"   CaCOg,  MgO,  CuSO^,  HgO,  PeSO,. 

E"3iZ"'^   CagSPO^,  Ca32C,H,0,. 

E"E'i^"'   MgAmPO,,  CUHASO3. 

E'"i?"i2   BiON03. 

W^W^W  ....  Bi^O^COg. 

^"'.^"3    AsA,  SbA. 

E"'i^'"    BiCgH.O.. 

:R"'.^'e    Ee,Ci;Fe,6TO3,re,6C,H30,. 

^"'.^"3   I^e,03,  Pe,3S0,. 

Quadrivalent  Eadicals  or  Tetrads,  Quinquivalent  Eadicals  or 
Fentads,  and  Sexivalent  Eadicals  or  Hexads,  are  known. 


EXEECISE. 

182.  "Write  an  exposition  of  the  doctrine  of  Quanti valence 
within  the  limits  of  a  sheet  of  note-paper. 


DIEECTIOl^S  EOK  APPLYING  THE  EOREGOING  AN^ALTTICAL  EEACTIOl^^S  TO 
THE  AIS'ALYSIS  OF  AN"  AQUEOUS  SOLUTION  OE  A  SALT  OE  ONE  OE 
THE  METALS,  BaETUM,  CaLCIUM,  MaGNESIUM. 

Add  yellow  chromate  of  potassium  to  a  portion  of  the  solution 
to  be  examined  ;  a  precipitate  indicates  barium. 

If  no  barium  is  present,  add  chloride  and  carbonate  of  ammo- 
nium, and  boil ;  a  precipitate  indicates  calcium. 

If  barium  and  calcium  are  proved  to  be  absent,  add  chloride 
of  ammonium,  ammonia,  and  then  either  phosphate  of  sodium  or 
arseniate  of  ammonium ;  a  white  granular  precipitate  indicates 
magnesium. 


BARIUM^  CALCIUM^  MAGNESIUM. 
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Ammonia  is  here  added  to  yield  the  necessary  elements  to 
ammonio-magnesian  phosphate  or  ammonio-magnesian  arseniate, 
both  of  which  are  highly  characteristic  precipitates  ;  and  chloride 
of  ammonium  is  added  to  prevent  a  mere  partial  precipitate  of 
the  magnesium  by  the  ammonia. 


DIEECTIOl^^S  FOR  APPLYING  THE  EOEEaOINa  AI^-ALYTICAL  EEACTIONS 
TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION  OF  SALTS  OF  ONE, 
TWO,  OR  ALL  THREE  OF  THE  METALS,   BaEIUM,  CaLCIUM, 

Magnesium. 

Add  chromate  of  potassium  to  the  solution ;  barium,  if  pre- 
sent, is  precipitated.  Pilter,  if  necessary,  and  add  to  the  filtrate 
(that  is,  the  liquid  which  has  run  through  the  filter)  chloride, 
hydrate,  and  carbonate  of  ammonium,  and  boil ;  calcium,  if  pre- 
sent, is  precipitated.  Filter,  if  requisite,  and  add  phosphate  of 
sodium  ;  magnesium,  if  present,  is  precipitated. 

Note. — Eed  chromate  of  potassium  must  not  be  used  in  these 
operations,  or  a  portion  of  the  barium  will  remain  in  the  liquid 
and  be  thrown  down  with,  or  in  the  place  of,  the  carbonate  of 
calcium  (vide  p.  105).  The  yellow  chromate  must  not  contain 
carbonate  of  potassium,  or  calcium  will  be  precipitated  with,  or 
in  the  place  of,  barium.  The  absence  of  carbonate  is  proved  by 
the  non-occurrence  of  effervescence  on  the  addition  of  hydro- 
chloric acid  to  a  little  of  the  solution  of  the  chromate,  previously 
made  hot  in  a  test-tube.  If  the  yellow  chromate  has  been  pre- 
pared by  adding  excess  of  ammonia  to  solution  of  red  chromate 
of  potassium,  its  addition  to  the  liquid  to  be  analyzed  must  be 
preceded  by  that  of  solution  of  chloride  of  ammonium ;  the  pre- 
cipitation of  a  portion  of  the  magnesium  (by  the  free  ammonia  in 
the  yellow  chromate)  is  thus  prevented— for  chloride-of-ammonium 
solution  is  a  good  solvent  of  hydrate  (and  carbonate)  of  magne- 
sium, as  already  stated  on  page  125. 
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TABLE  OP  SHOET  DIEECTIOIJ^S  FOE  APPLTII^a  THE  EOEEGOII^a  Al^ALY- 
TICAL  EEACTIOJ^-S  TO  THE  ANALYSIS  OP  AIT  AQUEOUS  SOLUTION- 
OP  SALTS  COl^^TAINING  ANY  OR  ALL  OP  THE  METALLIC  ELEMENTS 
HITHEETO  CONSIDEEED. 


To  the  solution  add  AmCl,  AmHO,  Am^COg ;  boil  and  filter. 


Precipitate 

JDdi  yjdit 

Wash,  dissolve  in  HC^HgO^, 
add  K^CrO,,  and  filter. 

Filtrate 
Mg  Am  W"a  K. 
Add  Am.HPO^,  shake,  filter. 

Precipitate  Filtrate 
Ba.*       1  Ca. 

Test  bv 

Precipitate 
Mg. 

Filtrate 
Am  Na  K. 
Evap.to  dryness, ignite, 
dissolve  residue  in 
water. 
Test  for  X  by  Pt  CI,. 

„        Na  „  flame. 
Test.  orig.  sol.  for  Am. 

Note  1. — The  analysis  of  solutions  containing  the  foregoing 
metals  is  commenced  by  the  addition  of  chloride  of  ammonium 
(AmCl)  and  ammonia  (AmHO),  simply  as  a  precautionary 
measure,  the  former  compound  preventing  partial  precipitation 
of  magnesium,  the  latter  neutralizing  acids.  The  carbonate  of 
ammonium  (Am^COg)  is  the  important  group-reagent — the  pre- 
cipitant of  barium  and  calcium. 

Wote  2. — In  the  above,  and  in  subsequent  charts  of  analytical 
processes,  the  leading  precipitants  will  be  found  to  be  ammonium 
salts.  These,  being  volatile,  can  be  got  rid  of  towards  the  end  of 
the  operations,  and  thus  the  detection  of  potassium  and  sodium 

*  It  is  perhaps  scarcely  necessary  to  state  that  this  precipitate  is  chromate 
of  barium  (BaCrO,),  as  any  reader  who  has  carefully  gone  through  the 
*'  foregoing  analytical  reactions  "  will  know.  The  occurrence  of  chromate  of 
barium  at  this  particular  place,  however,  and  under  the  circumstances  de- 
scribed, is  abundant  evidence  of  the  presence  of  barium  (in  some  form  or  other) 
in  the  liquid  analyzed — which  was  a  part  of  the  problem  to  be  solved  by  the 
operator.  Similar  remarks  apply  of  course  to  the  Ca,  which  is  finally  precipi- 
tated as  oxalate  (CaC204),  to  Mg,  which  is  thrown  out  as  ammonio-phosphate 
(MgAmPO^),  to  Am,  Na,  and  K,  and  to  the  elements  similarly  alluded  to  in 
the  other  subsequent  Tables  of   short"  directions  for  analysis. 
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be  in  no  way  prevented — an  advantage  which  could  not  be  had 
if  such  salts  as  chromate  of  potassium  or  phosphate  of  sodium 
were  the  group -precipitants  employed. 

Note  3. — Acetic,  and  not  hydrochloric  or  nitric,  acid  is  used  in 
dissolving  the  barium  and  calcium  carbonates,  because  chromate 
of  barium,  on  the  precipitation  of  which  the  detection  of  barium 
depends,  is  soluble  in  the  stronger  acids,  and  therefore  could  not 
be  thrown  down  in  their  presence. 

Note  on  Classification. — The  compounds  of  barium,  calcium,  and 
magnesium,  like  those  of  the  alkali  metals,  have  many  analogies ; 
the  carbonate,  phosphate,  and  arseniate  of  each  are  insoluble 
in  water,  which  sufficiently  distinguishes  them  from  the  members 
of  the  class  first  studied.  They  possess,  however,  well-marked 
differences,  so  that  their  separation  from  each  other  is  easy.  The 
solubility  of  their  hydrates  in  water  mark  their  connexion  with 
the  alkali  metals ;  the  slightness  of  that  solubility,  diminishing 
as  we  advance  further  and  further  from  the  alkalies,  baryta  being 
most  and  magnesia  least  soluble  in  water,  points  to  their  con- 
nexion with  the  next  class  of  metals,  the  hydrates  of  which  are 
insoluble  in  water,  These  considerations  must  not,  however,  be 
over-valued.  Though  the  solubility  of  their  hydrates  places 
barium  nearest  and  magnesium  furthest  from  the  alkali  metals, 
the  solubility  of  their  sulphates  gives  them  the  opposite  order, 
magnesium- sulphate  being  most  soluble,  calcium-sulphate  next, 
strontium-sulphate  third  (strontium  is  a  rarer  element,  which 
will  be  mentioned  subsequently),  and  barium-sulphate  insoluble 
in  water.  These  elements  are  sometimes  spoken  of  as  the  metals 
of  the  alkaline  earths. 

Note. — In  connexion  with  the  bivalence  of  the  metals  Barium, 
Calcium,  and  Magnesium,  it  is  interesting  to  note  that  just  as 
bivalent  acidulous  radicals  give  salts  containing  two  atoms  of 
univalent  basylous  radicals  (K.SO^,  IN'aHSO,,  ^fO^,  KKaC.H^O,), 
so  bivalent  basylous  radicals  yield  salts  containing  two  atoms  of 
univalent  acidulous  radicals,  as  seen  in  acetonitrate  of  barium, 
BaC^HgOglN'Og,  a  salt  which  is  a  definite  compound,  and  not  a 
mere  mixture  of  acetate  with  nitrate  of  barium.  A  very  large 
number  of  such  salts  is  known. 

Distillation. 

The  water  with  which,  in  analysis,  solution  of  a  salt  or  dilu- 
tion of  a  liquid  is  efi'ected  should  be  pure.  Well-  or  river-water 
is  unfit  for  the  purpose,  because  containing  alkaline  and  earthy 
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salts  (about  20  to  60  grains  per  gallon),  derived  from  tlie  soil 
through  which  the  water  percolates,  and  rain-water  is  not  unfre- 
quently  contaminated  with  the  dust  and  debris  which  fall  on  the 
roofs  whence  it  is  usually  collected.  Such  water  is  purified  by 
distillation,  an  operation  in  which  the  water  is  by  ebullition  con- 
verted into  steam,  and  the  steam  condensed  again  to  water  in  a 
separate  vessel,  the  fixed  earthy  and  other  salts  remaining  in 
the  vessel  in  which  the  water  is  boiled.  On  the  large  scale, 
ebullition  is  effected  in  metal  boilers  having  a  hood  or  head  in 
which  is  a  lateral  opening  through  which  passes  the  steam  ;  on 
the  small  scale,  either  a  common  glass  flask  is  employed,  into 
the  neck  of  which,  by  a  cork,  is  inserted  a  glass  tube  bent  to  an 
acute  angle,  or  a  retort  is  used  (a,  fig.  28),  a  sort  of  long-necked 

Fig.  28. 


florence  flask,  dexterously  bent  near  the  body  by  the  glass-worker 
to  an  appropriate  angle  (hence  the  name  retort,  from  retorqueo,  I 
bend  back).  Condensation  is  eff'ected  by  surrounding  the  lateral 
steam-tube  with  cold  water.  In  large  stills  the  steam-tube,  or 
condensing -worm,  is  usually  a  metal  (tin)  pipe,  twisted  into  a 
spiral  form  for  the  sake  of  compactness,  and  so  fixed  in  a  tub 
that  a  few  inches  of  one  end  of  the  pipe  may  pass  through  and 
closely  fit  a  hole  bored  near  the  bottom  of  the  tub.  Cold  water 
is  kept  in  contact  with  the  exterior  of  the  pipe,  provision  being 
made  for  a  continuous  supply  to  the  bottom,  while  the  lighter 
water  heated  by  the  condensing  steam  runs  off  from  the  top  of 
the  column.  The  condenser  for  a  flask  or  retort  may  be  a  simple 
glass  tube  of  any  size,  placed  within  a  much  wider  tube  (a  com- 
mon long  narrow  lamp-glass  answers  very  well  for  experimental 
operations),  the  inner  tube  being  connected  at  the  extremities 
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of  the  wider  by  bored  corks ;  a  stream  of  water  passes  into  one 
end  of  the  enclosed  space  (the  end  furthest  from  the  retort), 
through  a  small  glass  tube  inserted  in  the  cork,  and  out  at  the 
other  end  through  a  similar  tube.  The  common  (Liebig's)  form  of 
laboratory  condenser  is  a  glass  tube  three  fourths  of  an  inch  wide 
and  a  yard  long  (6,  fig.  28),  surrounded  by  a  shorter  tin  or  zinc 
tube  (c,  fig.  28)  two  inches  in  diameter,  and  having  at  each  ex- 
tremity a  neck,  through  which  the  glass  tube  passes.  The  ends 
of  the  necks  of  the  tin  tube,  and  small  portions  of  the  glass  tube 
near  them,  are  connected  by  means  of  a  strip  of  sheet  caoutchouc 
carefully  bound  round,  or  by  short  wide  india-rubber  tubes 
{d  &  e,  fig.  28).  An  aperture  (/,  fig.  28)  near  the  lower  part 
of  the  tin  tube  provides  for  the  admission  of  a  current  of  cold 
water,  by  glass  tubing  or  india-rubber  tubing,  from  the  house - 
supply  or  from  a  vessel  placed  above  the  apparatus ;  and 
a  similar  aperture  near  the  top  (g,  fig.  28)  allows  the  escape 
of  heated  water  into  a  vessel  or  sink.  The  inner  tube  may  thus 
constantly  be  surrounded  by  cold  water,  and  heated  vapours 
passing  through  it  be  perfectly  cooled  and  condensed  in  any 
receiver  (7?.,  fig.  28). 

In  distilling  several  gallons  of  water  for  analytical  or  medi- 
cinal purposes  (Aqua  Bestillata,  B.  P.),  the  first  two  or  three 
pints  should  be  rejected,  because  likely  to  contain  ammoniacal 
and  other  volatile  impurities. 

Rectification'  is  the  process  of  redistilling  a  distilled  liquid. 
Rectified  spirit  is  spirit  of  wine  thus  treated. 

Dry  or  destructive  distillation  is  distillation  in  which  the  con- 
densed products  are  directly  formed  by  the  decomposing  influence 
of  the  heat  applied  to  the  dry  or  non-volatile  substances  in  the 
retort  or  still. 

EXEECISE. 

183.  Write  from  memory  two  or  three  paragraphs  descriptive 
of  distillation, 

Eecapitulatioi^-. 

The  subject  just  alluded  to  (distillation)  naturally  causes 
wonder  respecting  the  cause  of  the  physical  difierence  between 
solid,  liquid,  and  gaseous  water.  Common  observation  will  have 
suggested  to  the  student  that  the  force  of  heat  has  much  to  do 
with  the  differences ;  and  if  he  will  turn  to  the  chapter  on  latent 
heat  in  any  book  on  Physics  he  will  find  that,  as  already  indi- 
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cated  (p.  82),  when  ice  liquefies  by  heat  a  very  large  amount  of 
heat  must  be  given  before  the  slightest  rise  of  temperature  occurs. 
Afterwards  the  addition  of  heat  makes  the  water  hotter  and 
hotter  until  one  other  point  is  reached  (the  boiling-point),  when 
here  again  a  great  amount  of  heat  is  absorbed  without  causing 
the  slightest  rise  in  temperature.  Afterwards  more  heat  makes 
the  gaseous  water  hotter  and  hotter,  until,  like  a  bar  of  iron, 
the  steam,  under  special  conditions,  is  made  red-hot  or  white-hot. 
Different  bodies  absorb  different  amounts  of  heat  in  changing 
their  physical  condition  from  solid  to  liquid  or  liquid  to  gas  (or 
vapour).  The  amount  is  constant  for  any  one  body;  hence  definite 
comparative  numbers  may  be  used  for  expressing  the  latent  heats 
of  substances. 

This  absorption  of  heat  at  particular  (liquefying  and  vapor- 
izing) points  must  not  be  confounded  with  an  analogous  physical 
action,  namely,  the  absorption  of  heat  which  goes  on  when  a 
body  is  rising  in  temperature.  The  amount  of  this  absorption 
differs  with  different  substances.  That  is  to  say,  if  equal  weights 
of  several  substances,  all  at  the  same  temperature,  be  all  heated 
to  a  stated  higher  temperature,  very  different  amounts  of  fuel 
will  be  required.  The  particular  or  specific  amount  in  each  ease 
is  always  the  same ;  hence  the  specific  heats  of  substances  may  be 
expressed  by  numbers.  See  the  chapter  on  Specific  Heat "  in 
any  Manual  of  Physics. 

But  after  reading  what  has  been  stated  respecting  the  consti- 
tution of  matter  (pp,  35  to  38),  the  chemical  student  will,  in  con- 
nexion with  the  subject  of  distillation,  be  led,  once  more,  to  think 
over  the  subject  of  the  molecular  constitution  of  solid,  liquid,  and 
gaseous  water,  and  of  the  molecular  condition  of  bodies  generally. 
As  previously  stated,  little  can  be  told  him  respecting  the  mole- 
cular condition  of  solids  and  liquids,  for  temperature  and  pressure 
affects  them  unequally;  whence  we  conclude  that  though  the 
relation  to  each  other  of  the  molecules  of  any  one  substance  is 
constant,  this  relation  is  different  in  different  bodies.  Different 
gases,  however,  are  not  differently  affected  but  similarly  affected 
by  temperature  and  pressure ;  whence  we  conclude  that  their 
molecular  constitution — the  relations  of  their  molecules  to  one 
another — is  similar. 

Another  gas,  ammonia,  has  been  brought  before  the  reader 
since  the  molecular  constitution  of  gases  was  considered. 

A  small  quantity  of  ammonia  gas  enclosed  in  the  upper  part 
of  a  roughly  graduated  test-tube  over  mercury  {water  would 
dissolve  it)  and  exposed  to  the  continuous  action  of  the  electric 


RECAPITULATION.  135 

spark,  by  means  of  wires  of  platinum  fused  in  the  sides  of  the 
tube,  is  decomposed  into  its  elements  nitrogen  and  hydrogen,  the 
bulk  of  gas  operated  on  being  exactly  doubled.  This  expansion 
is  not  due  to  the  gaseous  molecules  receding  from  each  other,  but 
to  every  two  molecules  becoming  four  similar-sized  molecules : — 


H 


Here  each  space  (rectangular  chiefly  for  convenience  in  print- 
ing) represents  a  molecule,  and  each  letter  an  atom.  Each 
space,  if  regarded  as  the  side  of  a  double  cube,  may  also,  for 
the  moment,  represent  two  volumes — such  two  volumes  yielding, 
in  the  decomposition,  one  volume  of  nitrogen  and  three  volumes 
of  hydrogen,  or  the  four  such  volumes  of  ammonia  shown  in  the 
diagram  yielding  two  volumes  of  nitrogen  and  six  volumes  of 
hydrogen. 

Eemembering  that  a  symbol  (of  a  gas)  represents  one  volume, 
and  that  a  formula  {of  a  gas)  always  represents  two  volumes, 
the  pupil  will  now  see  how  full  of  meaning  is  such  an  equation 
as  the  following,  including,  as  it  does,  names  of  the  elements, 
number  of  the  atoms,  nature  of  the  molecules,  number  of  the 
molecules,  weights  of  atoms  of  the  molecules,  and  therefore 
weights  of  bulks  of  the  bodies,  or  extent  of  expansion  in  the 
disunion  of  the  elements,  and  therefore  their  extent  of  con- 
traction in  the  act  of  union  : — 

2]srH3  =       +  3b:^. 


AT  THIS  STAGE  THE  LEAENEE  IS  AOAIN  EECOMMEKDED  TO  EEAD  THE 
PAEAGEAPHS  0]Sr  THE  GEI^EEAL  PEII^CIPLES  OE  ChEMICAL  PHILOSOPHY 
(pages  28  TO  56),  AI^D  to  EETFEI^  to  them  FEOM  time  TO  TIME 
UNTIL  THEY  AEE  THOEOUGHLY  COMPEEHEI^TDED. 


H 

H 

H 

H 

H 

H 

H 
H 


ZINC,  ALUMINIUM,  lEON. 

These  three  elements  are  classed  together  for  analytical  con- 
venience rather  than  for  more  general  analogies. 
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ZINC. 

Symbol  Zn.    Atomic  weight  65. 

Source. — Zinc  is  tolerably  abnndant  in  nature  as  sulphide 
(ZnS)  or  blende,  and  carbonate  (ZnCOg)  or  calamine  (from  cala- 
mus, a  reed,  in  allusion  to  the  appearance  of  the  mineral).  The 
ores  are  roasted  to  expel  sulphur,  carbonic  acid  gas,  and  some 
impurities,  and  the  resulting  oxide  distilled  with  charcoal,  when 
the  metal  vaporizes  and  readily  condenses.  Zinc  is  a  brittle 
metal,  but  at  a  temperature  somewhat  below  300°  F.  is  malleable, 
and  may  be  rolled  into  thin  sheets.  Above  400°  it  is  again 
brittle,  and  may  then  be  pulverized.  At  773°  E.  it  melts,  and 
at  a  bright  red  heat  is  volatile.  i 

Uses. — Its  use  as  a  metal  is  familiar ;  alloyed  with  nickel  it 
yields  german  silver  ;  with  twice  its  weight  of  copper  forms 
common  brass,  and  as  a  coating  on  iron  (the  so-called  galvanized 
iron)  greatly  retards  the  formation  of  rust.  Most  of  the  salts  of 
zinc  are  prepared,  directly  or  indirectly,  from  the  metal  (Zincum, 
B.P.). 

Quantivalence. — The  a  tom  of  zinc  is  bivalent,  Zn". 
Molecular  weight.— '^ome  remarks  on  this  point  will  be  made  \ 
under  Mercury.  I 

Eeactioi^s  having  (a)  Synthetical  and  (h)  Analytical 

Intekest.  \ 

(a)  Synthetical  Reactions. 

Sulphate  of  Zinc.  ; 
First  Synthetical  Reaction. — Heat  zinc  (4  pts.)  with  water 
(20  pts.)  and  sulphuric  acid  (3  fl.  pts.)  in  a  test-tube  (or  larger 
vessel)  until  gas  ceases  to  be  evolved;  solution  of  sulphate  of 
zinc  (ZnSO^)  results.  Pilter  and  concentrate  the  solution  in  an 
evaporating- dish ;  on  cooling,  colourless,  transparent,  prismatic 
crystals  of  Sulphate  of  Zinc  (ZnSO^,  I^Jd)  are  deposited  {Zinci 
Sulphas,  B.  P.). 

Zn,  +  2H,S0,  +  .rH^O  =  2ZnS0,  +  xUfi  -f- 

Zinc.     Sulphuric  acid.      Water.     Suli^hate  of  zinc.       Water.  Hydrogen. 

Zinc  does  not  displace  hydrogen  from  the  sulphuric  acid  alone, 
nor  from  the  water  alone,  yet  the  mixture  affords  hydrogen.  The 


ZINC. 


137 


probable  explanation  is  that  as  sulpburic  acid  combines  with 
several  different  quantities  of  water  to  form  definite  hydrous  com- 
pounds (H,SO,,  Hp  ;  H,SO„  2ILp  ;  etc.),  it  is  one  of  these  that 
is  decomposed  with  elimination  of  hydrogen.  At  present  we  can 
only  say  that  an  unknown  (^v)  amount  of  water  is  required  in  the 
reaction. 

I^ote. — This  reaction  affords  hydrogen  and  sulphate  of  zinc ;  it 
also  develops  electricity.  Of  several  methods  of  evolving  hydro- 
gen, it  is  the  most  convenient ;  of  the  two  or  three  means  of  pre- 
paring sulphate  of  zinc  it  is  that  most  commonly  employed ;  and 
of  the  many  reactions  which  may  be  utilized  in  the  development 
of  dynamic  electricity  it  is  at  present  the  cheapest  and  most 
manageable.  The  apparatus  in  which  the  reaction  is  effected 
differs  according  to  the  requirements  of  the  operator :  if  the  sul- 
phate of  zinc  alone  is  wanted,  an  open  dish  is  all  that  is  neces- 
sary, the  action  being,  perhaps,  accelerated  by  heat ;  if  hydrogen, 
a  closed  vessel  and  delivery-tube ;  if  electricity,  square  vessels 
called  cells  and  certain  complementary  materials,  forming  alto- 
gether what  is  termed  a  battery.  In  each  operation  for  one 
product  the  other  two  are  commonly  wasted.  It  would  not  be 
difficult  for  the  operator,  as  a  matter  of  amusement,  to  construct 
an  apparatus  from  which  all  three  products  should  be  collected. 

Purification. — Impure  sulphate  of  zinc  may  be  purified  in  the 
same  manner  as  impure  chloride  (see  next  reaction). 

Sulphate  of  zinc  is  isomorphous  with  sulphate  oif  magnesium, 
and,  like  that  salt,  loses  six  sevenths  of  its  water  of  crystalliza- 
tion at  212°  F. 

Chloride  of  Zinc. 

Second  Synthetical  Reaction. — Dissolve  zinc  in  hydrochloric 
acid  mixed  with  half  its  bulk  of  water ;  the  resulting  solution 
contains  chloride  of  zinc.  Evaporate  the  liquid  till  no  more 
steam  escapes ;  Chloride  of  Zinc  (ZnCy  in  a  state  of  fusion  re- 
mains, and,  on  cooling,  is  obtained  as  an  opaque  white  solid 
(Zinci  Ghloridum,  B.  P.).  It  is  soluble  in  water,  alcohol,  or 
ether. 

Zn,     +      4HC1      =      2ZnCl,      +  211, 

Zinc.         Hydrochloric  acid.      Chloride  of  zinc.  Hydrogen. 

This  reaction  is  analogous  to  that  previously  described.  The 
process  and  product  are  those  of  the  Eritish  Pharmacopoeia. 
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Burnett's  deodorizing  or  disinfecting  liquid  is  solution  of  chloride 
of  zinc. 

Purification  of  Chloride  or  Sulphate  of  Zinc. — Zinc  sometimes 
contains  traces  of  iron  or  lead  ;  and  these,  like  zinc,  are  dissolved 
by  most  acids,  with  formation  of  soluble  salts  :  they  may  be  re- 
cognized in  the  liquids  by  applying  the  test  described  hereafter 
(p.  142)  to  a  little  of  the  solution  in  a  test-tube.  Should  either 
be  present  in  the  above  solution,  a  little  chlorine  water  is  added 
to  the  liquid  till  the  odour  of  chlorine  is  permanent,  and  then 
the  whole  well  shaken  with  some  hydrate  of  zinc  or  the  common 
official  "  carbonate  "  of  zinc  (really  hydrato-carbonate  :  see  next 
page).  In  this  way  iron  is  precipitated  as  ferric  hydrate,  and 
lead  as  peroxide : 

*2FeCl,       -^       CI,       =  *Pe,Cl3 

Ferrous  chloride.  Chlorine.  Ferric  chloride. 


Fe^Clg  +  3ZnC03  -j-  mjd 

Ferric  Carbonate  Water, 
chloride.  of  zinc. 

PbCl,   +  Cl,  +  2ZnC03 

Chloride  Chlorine.  Carbonate 
of  lead.  of  zinc. 


=  Pe,6H0  4-  SZnCl,  +  3C0, 

Ferric  Chloride  Carbonic 

hydrate.  of  zinc.  acid  gas. 

=  PbO,  +  2ZnCl,  +  2C0, 

Peroxide  Chloride  Carbonic 
of  lead.  of  zinc.  acid  gas. 


In  the  British  Pharmacopoeia  the  presence  of  impurities  in  the 
zinc  is  assumed,  and  the  process  of  purification  just  described 
incorporated  with  the  process  of  preparation  of  Zinci  Chloridum, 
Liquor  Zinci  Chloridi,  and  Zinci  Sulphas.  In  the  purification 
of  the  sulphate  of  zinc,  the  action  of  chlorine  on  any  ferrous 
sulphate  will  result  in  the  formation  of  ferric  sulphate  as  weU  as 
ferric  chloride : — 

ereSO,  -h  CI3  =  2(Pe,3S0J   +  Fe^Cl^; 

carbonate  of  zinc  will  then  give  chloride  as  well  as  sulphate  of 
zinc,  and  thus  the  whole  quantity  of  sulphate  of  zinc  be  slightly 
contaminated  by  chloride.  On  evaporating  and  crystallizing, 
however,  the  chloride  of  zinc  will  be  retained  in  the  mother 
liquor.    This  process  admits  of  general  application. 

For  Liquor  Zinci  Chloridi,  B.  P.,  1  pound  of  zinc  is  placed  in 
a  mixture  of  44  fluid  ounces  of  hydrochloric  acid  and  20  of 

It  will  be  noticed  that  the  iron  is  represented,  in  these  equations,  as 
exerting  both  bivalent  and  trivalent  activity ;  this  will  be  alluded  to  when 
iron  comes  under  consideration. 
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water,  the  mixture  ultimately  warmed  until  no  more  gas  escapes, 
filtered  into  a  bottle,  chlorine  water  added  until  the  liquid  after 
shaking  smells  fairly  of  chlorine,  about  half  an  ounce  or  some- 
what more  of  carbonate  of  zinc  shaken  up  with  the  solution 
until  a  brown  precipitate  (of  ferric  hydrate,  or  peroxide  of  lead, 
or  both)  appears,  the  whole  filtered  and  the  filtrate  evaporated 
to  40  fluid  ounces.  One  fluid  ounce  contains  366  grains  of 
chloride  of  zinc.  If  there  is  reason  to  believe  that  neither  iron 
nor  lead  is  present  in  the  zinc,  the  treatment  with  chlorine, 
water,  and  carbonate  of  zinc  may  be  omitted. 

Carbonate  of  Zinc. 

Third  Synthetical  Reaction. — To  solution  of  any  given  quantity 
of  sulphate  of  zinc  in  twice  its  weight  of  water  (in  a  test-tube, 
evaporating-basin,  or  other  large  or  small  vessel)  add  about  an 
equal  quantity  of  carbonate  of  sodium,  also  dissolved  in  twice  its 
weight  of  water,  and  boil :  the  resulting  white  precipitate  is  so- 
called  Carbonate  of  Zinc  (Zinci  Carhonas,  B.  P.),  a  mixture  of 
carbonate  (ZnCOg)  and  hydrate  (Zn2H0),  in  the  proportion  of 
one  molecule  of  the  former  and  two  of  the  latter,  together  with 
a  molecule  of  water  (H^O).  It  may  be  washed,  drained,  and 
dried  in  the  usual  manner.  It  is  used  in  the  arts  under  the 
name  of  zinc-white. 

3ZnS04-|-2H^0  -f-  3Fa,C03  =  ZnC03,  2ZnR  fi^  +  2C0,  +  3]S%,S0, 

Sulphate  Water.  Carbonate  Official  carbonate  Carbonic  Sulphate 
of  zinc.  of  sodium.  of  zinc.  acid  gas.     of  sodium. 

Acetate  of  Zinc. 

Fourth  Synthetical  Reaction. — Collect  on  a  filter  the  precipitate 
obtained  in  the  last  reaction,  wash  with  distilled  water,  and  dis- 
solve a  portion  in  strong  acetic  acid ;  the  resulting  solution 
contains  acetate  of  zinc  (Zn2C2H302),  and,  on  evaporating, 
and  setting  aside  for  a  day,  yields  lamellar  pearly  crystals 
{Z\\2Q^Jd^,  2Rp).    This  is  the  process  for  Zinci  Acetas,  E.  P. 

ZnC03,  2ZnH,0,  +  6HC,H30,=3(Zn2C,H30,)-l-5H,0  +  CO, 

Official  carbonate  Acetic  Acetate  Water.  Carbonic 

of  zinc.  acid.  of  zinc.  acid  gas. 
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Oxide  of  Zinc. 

Fifth  Synthetical  Reaction. — Dry  the  remainder  of  the  precipi- 
tated carbonate  (by  placing  the  open  filter  on  a  plate  over  a  dish 
of  water  kept  boiling),  and  then  heat  it  in  a  small  crucible  till  it 
ceases  to  effervesce  on  the  addition  of  water  and  acid  to  trial 
samples  taken  out  of  the  crucible  from  time  to  time ;  the  pro- 
duct is  Oxide  of  Zinc  (Zinci  Oxidum,  B.  P.),  much  used  in  the 
form  of  Ointment  (  Unguentum  Zinci,  B.  P.). 

ZnCOg,  2ZnH,0^    =    3ZnO    +    2H^0    -f-  CO^ 

Official  carbonate  Oxide  of  Water.  Carbonic 

of  zinc.  zinc.  acid  gas. 

Note. — This  oxide  is  yellow  while  hot  and  of  a  very  pale  yellow 
or  slight  buff  tint  when  cold,  not  actually  white  like  the  oxide 
prepared  by  the  combustion  of  zinc  in  air.  The  latter  variety 
occurs  in  commerce  under  the  name  of  Hubbuck's  oxide  of  zinc. 
Its  preparation  can  only  be  practically  accomplished  on  the  large 
scale,  but  the  chief  features  of  the  action  may  be  observed  by 
heating  a  piece  of  zinc  on  charcoal  in  the  blowpipe-flame  (fig.  29) 
till  it  burns ;  flocks  escape,  float  about  in  the  air,  and  slowly  fall. 
These  are  the  old  Flores  Zinci,  Lana  Philosophica,  or  Nihilum 
Album. 


Fig.  29.  Fig.  30. 


The  Blowpipe. 


A  clear  blowpipe-flame  consists  more  or  less  of  two  portions 
(see  fig.  30),  an  inner  cone  at  the  apex  of  which  are  hot  gases 
greedy  of  oxygen,  and  an  outer  cone  at  the  apex  of  which  is 
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excess  of  hot  oxygen.  At  the  latter  point  oxidizable  metals,  &c. 
are  readily  oxidized,  as  in  the  foregoing  experiment,  and  that  part 
of  the  flame  is  therefore  termed  the  oxidizing  flame ;  in  the  inner 
flame  oxides  and  other  compounds  (a  grain  of  acetate  of  lead  may 
be  employed  for  illustration)  are  reduced  to  the  metallic  state, 
hence  that  part  is  termed  the  reducing  flame,  A  blowpipe-flame 
is  much  altered  in  character  by  slight  variations  in  the  position 
of  the  nozzle  of  the  blowpipe,  by  the  form  of  the  nozzle,  by  the 
force  with  which  air  is  expelled  from  the  blowpipe,  and  by  the 
character  of  the  jet  of  gas. 


Valerianate  of  Zinc. 

Sixth  Synthetical  Reaction. — Valerianate  of  Zinc  (Zn2C5ll902) 
(Zinci  Valerianas,  B.  P.)  is  prepared  by  mixing  strong  solutions 
of  sulphate  of  zinc  and  valerianate  of  sodium,  cooling,  separating 
the  white  pearly  crystalline  matter,  evaporating  at  200°  E.  to  a 
low  bulk,  cooling,  again  separating  the  lamellar  crystals,  wash- 
ing the  whole  product  with  a  small  quantity  of  cold  distilled 
water,  draining  and  drying  by  exposure  to  air  at  ordinary  tem- 
peratures. Yalerianate  of  zinc  is  soluble  in  ether,  alcohol,  or 
hot  water. 

ZnSO,    +    2NaC,H^0^    =    JN'a^SO,    +  ZnSC^H.O^ 

Sulphate  Valerianate  Sulphate  of  Valerianate 

of  zinc.  of  sodium.  sodium.  of  zinc. 

Note. — The  compounds  of  zinc  described  in  the  above  six  re- 
actions are  the  only  ones  mentioned  in  the  British  Pharmacopoeia ; 
the  processes  are  also  those  of  that  work.  Sidphide  and  Hydrate 
of  Zinc  are  mentioned  in  the  following  analytical  paragraphs.  The 
formula  of  Sulphite  of  Zinc  is  ZnSOg,  3Iip. 

(b)  Reactions  having  Analytical  Interest  (Tests), 

First  Analytical  Reaction, — To  solution  of  a  zinc  salt  (sulphate 
for  example),  in  a  test-tube,  add  solution  of  sulphydrate  of  am- 
monium (NH^HS) ;  white  sulphide  of  zinc  (ZnS)  is  precipitated, 
insoluble  in  acetic,  but  soluble  in  the  stronger  acids. 


Note, — This  is  the  only  white  sulphide  that  will  be  met  with. 
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Its  formation,  on  the  addition  of  the  sulphydrate  of  ammonium, 
is  therefore  highly  characteristic  of  zinc.  If  the  zinc  salt  con- 
tains iron  or  lead  as  impurities  the  precipitate  will  have  a  dark 
appearance,  the  sulphides  of  those  metals  being  black.  Hydrate 
of  aluminium,  which  is  also  white  and  precipitated  by  sulphy- 
drate of  ammonium,  is  the  only  substance  sulphide  of  zinc  is 
likely  to  be  mistaken  for,  and  vice  versa ;  but,  as  will  be  seen 
immediately,  there  are  good  means  of  distinguishing  these  from 
each  other. 

Second  Analytical  Heaction. — To  solution  of  a  zinc  salt  add 
solution  of  ammonia  ;  white  hydrate  of  zinc  (Zn2H0)  is  precipi- 
tated.   Add  excess  of  ammonia;  the  precipitate  is  redissolved. 

This  reaction  at  once  distinguishes  a  zinc  salt  from  an  alumi- 
nium salt,  hydrate  of  aluminium  being  insoluble  in  ammonia. 

Other  Analytical  Reactions. — The  fixed  alkali-hydrates  afford 
a  similar  reaction  to  that  just  mentioned,  the  hydrate  of  zinc 

redissolving  if  the  alkali  is  free  from  carbonate.  Carbonate  of 

ammonium  yields  a  white  precipitate  of  carbonate  and  hydrate, 

soluble  in  excess.  The  fixed  alkaline  carbonates  give  a  similar 

precipitate,  which  is  not  redissolved  if  the  mixed  solution  and 
precipitate  be  well  boiled.  Perrocyanide  of  potassium  pre- 
cipitates white  ferrocyanide  of  zinc  (Zn^FeCyg). 

Sulphate  of  magnesium,  which  is  isomorphous  with  and  indis- 
tinguishable in  appearance  from  sulphate  of  zinc,  is  not  precipi- 
tated from  its  solutions  either  by  ferrocyanide  of  potassium  or 
sulphydrate  of  ammonium. 

Antidotes, — There  are  no  efficient  chemical  means  of  counter- 
acting the  poisonous  effects  of  zinc.  Large  doses,  fortunately, 
act  as  powerful  emetics.  If  vomiting  has  not  occurred,  or  appa- 
rently to  an  insufficient  extent,  solution  of  carbonate  of  sodium 
(common  washing  salt)  immediately  followed  by  white  of  egg 
and  demulcents  may  be  administered. 
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QUESTIONS  AND  EXEECISES. 

184.  Give  the  sources  and  uses  of  metallic  zinc. 

185.  Explain  by  a  diagram  what  occurs  when  zinc  is  dissolved 
in  diluted  sulphuric  acid. 

186.  How  may  solutions  of  Chloride  or  Sulphate  of  Zinc  be 
purified  from  salts  of  iron  ?  Give  equatious  descriptive  of  the 
reactions. 

187.  State  the  formula  of  the  official  Carbonate  of  Zinc,  and 
illustrate  by  a  diagram  the  reaction  which  takes  place  in  its 
production. 

188.  Give  an  equation  showing  the  formation  of  Acetate  of 
Zinc. 

189.  In  what  respect  does  Oxide  of  Zinc,  resulting  from  the 
ignition  of  the  carbonate,  differ  from  that  produced  during  the 
combustion  of  the  metal  ? 

190.  How  is  Valerianate  of  Zinc  prepared  ? 

191.  What  are  the  properties  of  Yalerianate  of  Zinc? 

192.  Name  the  more  important  tests  for  zinc. 

193.  How  would  you  distinguish,  chemically,  between  solu- 
tions of  Sulphate  of  Zinc  and  Alum  ? 

194.  Describe  the  treatment  in  cases  of  poisoning  by  salts  of 
zinc. 

195.  Give  reactions  distinguishing  Sulphate  of  Zinc  from 
Sulphate  of  Magnesium. 

ALUMINIUM. 

Symbol  Al.    Atomic  weight  27'5. 

J^ote, — In  the  formulae  of  aluminium  salts,  it  wiU  be  observed 
that  to  one  atom  of  metal  there  are  three  atoms  of  other  univa- 
lent radicals ;  hence,  apparently,  the  atom  of  aluminium  is  triva- 
lent,  AY",  But  possibly  it  is  quadrivalent;  for  one  molecule  of 
aluminium  compounds  includes  two  atoms  of  the  metal,  three 
fourths  only  of  whose  power  may  be  supposed  to  be  exerted  in 
retaining  the  other  constituents  of  the  molecule,  the  remaining 
fourth  enabling  the  aluminium  atoms  themselves  to  keep  to- 
gether. This  is  graphically  shown  in  the  following  formula  of 
chloride  of  aluminium  (Al^Clg)  from  Erankland's  '  Lecture  ISTotes 
for  Chemical  Students,'  which  represents  each  aluminium  atom 
as  a  body  having  four  arms  or  bonds,  three  of  which  are  engaged 
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in  grasping  the  arms  of  univalent  chlorine  atoms,  while  the 
fourth  grasps  the  corresponding  arm  of  its  brother  aluminium 


atom.  Such  graphic  formulce,  as  they  are  called,  are  useful  in 
facilitating  the  acquirement  of  hypotheses  regarding  the  consti- 
tution of  chemical  substances,  especially  if  the  error  be  avoided 
of  supposing  that  they  are  pictures  either  of  the  position  or 
absolute  power  of  atoms  in  a  molecule,  or,  indeed,  the  true 
representation  of  a  molecule  at  all ;  for  on  this  point  man  knows 
little  or  nothing. 

Source. — Aluminium  is  very  abundant  in  nature,  chiefly  as 
silicate,  in  clays,  slate,  marl,  granite,  basalt,  and  a  large  number  of 
minerals.  Mica  or  talc  consists  chiefly  of  silicates  of  aluminium, 
iron,  and  potassium.  The  sapphire  and  ruby  are  almost  pure  oxide 
of  aluminium.  The  metal  is  obtained  from  the  double  chloride  of 
aluminium  and  sodium  by  the  action  of  metallic  sodium,  the 
source  of  the  chloride  being  the  mineral  bauxite,  a  more  or  less 
ferruginous  hydrate  of  aluminium. 

Aluminium-bronze  is  an  alloy  of  ten  parts  of  aluminium  with 
ninety  of  copper. 

Alum  (Alumen,  B.  P.,  Aluminii  et  Potassii  Sulphas,  also  Alu~ 
minii  et  Ammonii  Sulphas,  U.  S.  P.),  a  double  sulphate  of  alu- 
minium and  ammonium  (Al^SSO^,  Am^SO^,  24H2O),  may  be  ob- 
tained from  aluminous  schist  (from  o-xto^ros,  schistos,  divided),  a 
sort  of  pyritous  slate  or  shale,  by  exposure  to  air ;  oxidation  and 
chemical  change  produce  sulphate  of  aluminium,  sulphate  of  iron, 
and  silica,  from  the  silicate  of  aluminium  and  bisulphide  of  iron 
(iron  pyrites)  originally  present  in  the  shale.  The  sulphate  of 
aluminium  and  sulphate  of  iron  are  dissolved  out  of  the  mass  by 
water,  and  sulphate  or  chloride  of  ammonium  added  ;  on  concen- 
trating the  liquid  alum  crystallizes  out,  while  the  more  soluble 
iron  salt  remains  in  the  mother-liquor. 

Alum  is  also  prepared  by  directly  decomposing  the  silicate  of 
aluminium  in  the  calcined  shale  of  the  coal-measures  by  hot 
sulphuric  acid,  ammonia  being  added  from  time  to  time  until  a 
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solution  strong  enough  to  crystallize  is  obtained.  The  liquid  well 
agitated  during  cooling  deposits  alum  in  minute  crystals  termed 
alum-flour,  which  is  afterwards  recrystallized. 

Alums. — There  are  several  cdums,  iron  or  chromium  taking 
the  place  of  aluminium,  and  potassium  or  sodium  that  of  ammo- 
nium, all  crystallizing  in  an  eight-sided  form,  the  octahedron — 
a  sort  of  double  pyramid.  They  are,  apparently,  alike  in  che- 
mical constitution,  and  their  general  formula  (M  =  either  metal) 
is  M"',3S0^,  M'^SO^,  2mfi.  The  alum  of  the  manufacturer 
commonly  occurs  in  colourless,  transparent,  octahedral  crystals, 
massed  in  lumps,  which  are  roughly  broken  up  for  trade  pur- 
poses, but  still  exhibit  the  faces  of  oetahedra. 

Preparation  of  Alum. — Prepare  alum  by  heating  a  small 
quantity  of  powdered  pipeclay  (silicate  of  aluminium)  with 
about  twice  its  weight  of  sulphuric  acid  for  some  time,  dissolving 
out  the  resulting  sulphate  of  aluminium  and  excess  of  sulphuric 
acid  by  water,  and  adding  ammonia  to  the  clear  filtered  solution 
until,  after  well  stirring,  the  excess  of  acid  is  neutralized.  (If 
too  much  ammonia  be  added  the  hydrate  of  aluminium  precipi- 
tated when  the  ammonia  is  first  poured  in  will  not  be  redissolved 
on  well  mixing  the  whole.  Perhaps  the  readiest  indication  of 
neutrality  in  this  and  similar  cases  is  the  presence  of  a  little  pre- 
cipitate after  stirring  and  warming  the  mixture.)  On  evaporating 
the  clear  solution  crystals  of  alum  are  obtained. 

Sulphate  of  Aluminium  or  Alum-cahe  (Al^SSO^,  OH^O),  pre- 
pared from  natural  silicates  in  the  manner  just  described,  is  a 
common  article  of  trade,  serving  most  of  the  manufacturing 
purposes  for  which  alum  was  formerly  employed. 

Dried  alum  {Alumen  Exsiccatum,  B.  P.)  is  alum  from  which 
the  water  of  crystallization  has  been  expelled  by  heat,  the  tem- 
perature not  exceeding  400°  E.  By  calculation  from  the  molecular 
weight  of  alum,  it  will  be  found  that  the  salt  contains  between 
47  and  48  per  cent,  of  water.  At  temperatures  above  400°  alum 
is  decomposed,  sulphate  of  ammonium  and  sulphuric  anhydride 
escaping,  and  pure  hydrate  of  aluminium  (Al^Og)  remaining. 
Dried  alum  rapidly  reabsorbs  water  from  the  atmosphere.  It  is 
almost  useless  as  a  medicinal  preparation. 

Roche  alum,  or  Rock  alum  (roche,  Prench,  rock),  is  the  name 
of  an  impure  native  variety  of  alum  containing  iron.  The  article 
sold  under  this  name  is  an  artificial  mixture  of  common  alum 
with  oxide  of  iron. 
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EEACTioiirs  HAyma  Ak'alytical  Ii^'teeest  (Tests). 

First  Analytical  Beaction. — To  a  solution  of  an  aluminium  salt 
(alum,  for  example,  which,  contains  sulphate  of  aluminium)  add 
sulphydrate  of  ammonium  (I^H^IIS) ;  a  gelatinous  white  precipi- 
tate of  hydrate  of  aluminium  falls  : — 

A1^3S0,  +  6  AmHS  +  611  fi  =  Al^GHO  +  3  Am^SO^ + GH^S. 

Second  Analytical  Ueaction. — To  solution  of  alum  add  ammo- 
nia, JN'H^HO ;  hydrate  of  aluminium  falls  :  add  excess  of  am- 
monia ;  the  precipitate  is  not  dissolved. 

Principle  of  Dyeing  hy  help  of  Mordants. — The  precipitated 
hydrate  of  aluminium,  or  alumina,  has  great  affinity  for  vegetable 
colouring-matters,  and  also  for  the  fibre  of  cloth.  Once  more 
perform  the  above  experiment,  but  before  adding  the  ammonia 
introduce  some  decoction  of  logwood,  solution  of  cochineal,  or 
other  similar  coloured  liquid,  into  the  test-tube.  Add  now  the 
ammonia,  and  set  the  tube  aside  for  the  alumina  to  fall ;  the 
latter  takes  down  with  it  all  the  colouring  principle.  In  dye- 
works,  the  fabrics  are  passed  through  liquids  holding  the  alumina 
but  weakly  in  solution,  and  then  through  the  colouring  solu- 
tions ;  from  the  first  bath  the  fibres  abstract  alumina,  and  from 
the  second  the  alumina  abstracts  colouring-matter.  Some  other 
metallic  hydrates,  notably  those  of  tin  and  iron,  resemble  alumina 
in  this  property ;  they  are  all  termed  mordants  (from  mordens, 
biting) ;  the  substances  they  form  with  colouring-matters  have 
the  name  of  lakes. 

Third  Analytical  Ueaction. — To  the  alum  add  solution  of  pot- 
ash ;  again  hydrate  of  aluminium  falls.  Add  excess  of  potash, 
and  agitate  ;  the  precipitate  dissolves. 

Hydrate  of  aluminium  may  be  precipitated  from  this  solution 
by  neutralizing  the  potash  with  hydrochloric  acid,  and  adding 
ammonia,  until,  after  shaking,  the  mixture  has  an  ammoniacal 
smell,  or  by  adding  solution  of  chloride  of  ammonium  to  the 
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potash  liquid.  Eut  the  former  way  is  the  better ;  for  it  is  diiE- 
ciilt  to  know  when  a  sufficiency  of  the  chloride  of  ammonium  has 
been  poured  in,  whereas  reaction  with  blue  and  red  litmus-paper 
at  once  enables  the  operator  to  know  when  excess  of  hydrochloric 
acid  or  ammonia  has  been  added. 

Alkaline  carbonates,  phosphates,  arseniates,  and  salts  of  other 
acidulous  radicals  also  decompose  solutions  of  aluminium  salts 
and  produce  insoluble  compounds  of  that  metal  with  the  several 
acidulous  radicals  (except  the  carbonic),  but  the  resulting  precipi- 
tates are  of  no  special  interest. 


QUESTIONS  AND  EXERCISES. 

196.  What  is  there  remarkable  about  the  quantivalence  of 
aluminium  ? 

197.  Practically  what  is  the  quantivalence  of  the  atom  of 
aluminium  ? 

198.  Enumerate  the  chief  natural  compounds  of  aluminium. 

199.  "Write  down  a  formula  which  will  represent  either  of  the 
Alums. 

200.  Which  alum  is  official,  and  commonly  employed  in  the 
arts  ? 

201.  State  the  source,  and  explain  the  formation  of  alum. 

202.  What  is  the  crystalline  form  of  alum?  Work  a  sum 
showing  how  much  Dried  Alum  is  theoretically  producible  from 
100  pounds  of  alum.    Ans.  52  lb.  6  oz. 

203.  Show  by  figures  how  ordinary  ammonium  alum  is  capable 
of  yielding  11*356  per  cent,  of  oxide  of  aluminium. 

204.  Why  are  aluminium  compounds  used  in  dyeing  ? 

205.  How  are  salts  of  aluminium  analytically  distinguished 
from  those  of  zinc  ? 

lEOH. 

Symbol  Ee.    Atomic  weight  56. 

Sources. — Compounds  of  iron  are  abundant  in  nature.  Mag- 
netic Iron  Ore,  or  Loadstone  {Lodestone  or  Leadstone,  from  the 
Saxon  Icedan,  to  lead,  in  allusion  to  its  use,  or,  rather,  to  the  use  of 
magnets  made  from  it,  in  navigation),  is  the  chief  ore  from  which 
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Swedisli  iron  is  made ;  it  is  a  mixture  of  ferrous  and  ferric  oxide 
(PeO,  Fe^Og).  Much  of  the  Eussian  iron  is  made  from  Specular 
Iron  Ore  (from  speculum,  a  mirror,  in  allusion  to  the  lustrous 
nature  of  the  crystals  of  this  mineral) ;  this  and  Red  Hcematite 
(from  aljua,  Jiaima,  blood,  so  named  from  the  colour  of  its  streak), 
an  ore  raised  in  Lancashire,  are  composed  of  ferric  oxide  only 
(Fe^Og).  Broivn  Hcematite,  an  oxyhydrate,  is  the  source  of  much 
of  the  Prench  iron.  Spathic  Iron  Ore  (from  spatJia,  a  slice,  in 
allusion  to  the  lamellar  structure  of  the  ore)  is  a  ferrous  car- 
bonate (EeCOg).  An  impure  ferrous  carbonate  forms  the  Clay 
Ironstone,  whence  most  of  the  English  iron  is  derived.  The  chief 
Scotch  ore  is  also  an  impure  carbonate,  containing  much  bitu- 
minous matter ;  it  is  known  as  BlacTc  Band.  Iron  Pyrites  (from 
TTvp,  pur,  tire,  in  allusion  to  the  production  of  sparks  when 
sharply  struck)  (PeS,^)  is  a  yellow  lustrous  mineral,  of  use  only 
for  its  sulphur.  Ferrous  carbonate  (PeCOg),  chloride  (FeCl^, 
4H^0),  and  sulphate  (PeSO^,  7H.p)  sometimes  occur  in  springs, 
the  water  of  which  is  hence  termed  chalybeate  (chalyhs,  steel). 

Process. — Iron  is  obtained  from  its  ores  by  processes  of  roast- 
ing, and  reduction  of  the  resulting  impure  oxide  with  coal  or 
charcoal  in  the  presence  of  chalk,  the  latter  uniting  with  the  sand, 
clay,  etc.  to  form  a  fusible  slag.  The  cast  iron  thus  produced  is 
converted  into  wrought  iron  by  burning  out  the  4  or  5  per  cent, 
of  carbon,  silicon,  and  other  impurities  present,  by  oxidation  in  a 
furnace,  an  operation  which  is  termed  puddling.  Steel  is  wrought 
iron  impregnated  with  from  one  to  two  per  cent,  of  carbon  by 
strongly  heating  in  charcoal.  The  official  variety  of  the  metal 
(Ferrum,  B.  P.)  is  "  wrought  iron  in  the  form  of  wire  or  nails  free 
from  oxide":  this  is  the  condition  in  which  it  is  most  easily  em- 
ployed for  conversion  into  its  compounds.  In  the  form  of  a  fine 
powder  (see  17th  Eeac.)  metallic  iron  is  employed  as  a  medicine. 

Properties. — The  specific  gravity  of  pure  iron  is  7*844,  of  the 
best  bar  iron  7*7 ;  its  colour  is  bluish  white  or  grey.  Bar  iron 
requires  the  highest  heat  of  a  wind-furnace  for  fusion,  but  below 
that  temperature  assumes  a  pasty  consistence,  and  in  that  state 
two  pieces  may  be  joined  or  welded  (Germ,  wellen,  to  join)  by  the 
pressure  of  blows  from  a  hammer.  A  little  sand  thrown  on  to 
the  hot  metal  facilitates  this  operation  by  forming  with  the 
superficial  oxide  of  iron  a  fusible  slag,  which  is  dispersed  by  the 
blows  :  the  purely  metallic  surfaces  are  thus  better  enabled  to 
come  into  thorough  contact  and  enter  into  perfect  union.  Iron 
is  highly  ductile,  and  of  all  common  metals  possesses  the  greatest 
amount  of  tenacity.    At  a  high  temperature  it  burns  in  the  air, 
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forming  oxide  of  iron.  Bust  of  iron  is  chiefly  red  oxide  of  iron, 
with  a  little  ferrous  oxide  and  carbonate ;  it  is  produced  by  action 
of  the  moist  carbonic  acid  of  the  air  and  subsequent  oxidation. 
Steam  passed  over  scrap  iron  heated  to  redness  gives  hydrogen 
gas  and  black  oxide  of  iron. 

Quantivalence. — Iron  combines  with  other  elements  and  radi- 
cals in  two  proportions ;  those  salts  in  which  the  atom  of  iron 
appears  to  possess  inferior  affinities  (in  which  the  other  radicals 
are  in  the  less  amount)  are  termed  ferrous,  the  higher  being 
ferric  salts.  In  the  former  the  iron  exerts  bivalent  (JFe"),  in  the 
latter  trivalent  activity  (Fe'"  or  Fe/^). 

The  atom  of  iron  is  also  sometimes  considered  to  be  sexivalent, 
on  account  of  the  analogy  of  its  compounds  with  those  of  chro- 
mium, which  is  sexivalent,  if  the  formula  of  its  fluoride  (CrFJ 
be  correct,  and  because  the  composition  of  ferrate  of  potassium 
(K^FeO^),  a  deep-purple  salt  obtained  on  passing  chlorine  through 
a  concentrated  solution  of  potash  in  which  fresh  ferric  hydrate  is 
suspended,  is  best  explained  on  the  assumption  of  the  sexivalence 
of  its  iron. 

Why  the  quantivalence  of  the  atom  of  iron  should  vary  is  not 
at  present  known. 

The  Nomenclature  of  Iron  Salts. — For  educational  and  descrip- 
tive purposes  the  two  classes  of  iron  compounds  are  very  con- 
veniently spoken  of  as  ferrous  and  ferric,  the  syllable  'ferr ' 
common  to  all  indicating  their  allied  ferruginous  character,  the 
syllable  ous  and  ic  indicating  the  lower  and  higher  class  respec- 
tively— functions  fulfilled  by  these  two  syllables  in  other  similar 
cases  (sulphurous  and  sulphuric,  mercurous  and  mercuric). 
Officially  the  iron  salts  are  known  by  other  names,  thus.  Sulphate 
of  Iron  (Ferri  Sulphas)  and  Phosphate  of  Iron  (Ferri  Phosphas), 
names  which  are  chemically  inexplicit,  for  there  are  two  sul- 
phates and  two  phosphates,  and  the  terms  do  not  define  which 
salt  is  intended.  Consistency  and  uniformity  would  demand  that 
the  names  Ferrous  Sulphate,  Ferrous  Phosphate,  or  similar  terms 
should  be  employed.  Practically,  however,  the  old  names  cause 
no  confusion,  inasmuch  as  only  one  sulphate,  phosphate,  etc.  are 
used  in  medicine ;  moreover,  the  higher  salts  usually  have  the 
prefix  per  attached  (as  persulphate,  perchloride).  These  names 
are  already  well  known,  can  be  easily  rendered  in  Latin,  and 
then  admit  of  simple  abbreviations  and  adaptations  such  as  are 
employed  in  prescriptions,  advantages  not  possessed  by  the  more 
rational  terms.  While,  therefore,  the  comprehension  of  the 
chemistry  of  iron  is  rendered  simple  and  intelligible  by  the  use 
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of  the  terms  ferrous  and  ferric,  the  employment  of  older  and  less 
definite  names  may  very  well  be  continued  in  pharmacy  as  being 
practically  more  convenient. 

Reactions  HAvi^sra  (a)  Synthetical  and  (h)  Analytical  Inteeest. 
(a)  Synthetical  Reactions, 
EEEEOUS  SALTS. 
Green  Sulphate  of  Iron.   Ferrous  Sulphate. 

First  Synthetical  Reaction. — Place  iron  (small  tacks)  in  sul- 
phuric acid  diluted  with  eight  times  its  bulk  of  water  (in  a  test-  \ 
tube,  basin,  or  other  vessel  of  any  required  size),  accelerating  the 
action  by  heat  until  effervescence  ceases. 

Fe,      +      2H,S0,      =      SFeSO^      +  2H^ 

Iron.  Sulphuric  acid.  Eerrous  sulphate.  Hydrogen. 

The  solution  contains  what  is  generally  known  as  Sulphate  of 
Iron,  that  is  Ferrous  Sulphate,  the  lower  of  the  two  sulphates, 
and  will  yield  crystals  of  that  substance  (FeSO^,  7H^0)  (Ferri 
Sulphas,  B.  P.)  on  cooling  or  on  further  evaporation ;  or  if  the 
hot  concentrated  solution  be  poured  into  alcohol,  the  mixture 
being  well  stirred,  the  sulphate  is  at  once  thrown  down  in  minute 
crystals  {Ferri  Sulphas  Granulata,  B.  P.).  At  a  temperature  of 
400°  F.  ferrous  sulphate  loses  six  sevenths  of  its  water,  and  be- 
comes the  Ferri  Sulphas  Exsiccata,  B.  P. 

Other  sources  of  Ferrous  Sulphate. — In  the  laboratory,  ferrous 
sulphate  is  often  obtained  as  a  by-product  in  making  sulphuretted 
hydrogen, 

FeS  +  H^SO,=:  H^S  +  FeSO,, 

In  manufactories  it  occurs  as  a  by-product  in  the  decomposi- 
tion of  aluminous  shale,  as  already  noticed  (p.  144). 

Ten  grains  of  granulated  sulphate  of  iron  dissolved  in  one 
ounce  of  water  constitutes  "  Solution  of  Sulphate  of  Iron,"  B.  P. 
^'  The  solution  should  be  recently  prepared." 

Notes. — Ferrous  sulphate  is  sometimes  termed  green  vitriol, 
Yitriol  (from  vitrim,  glass)  was  originally  the  name  of  any  trans- 
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parent  crystalline  substance,  but  afterwards  restricted  to  the 
sulphates  of  zinc,  iron,  and  copper,  which  were,  and  still  are, 
occasionally  known  as  white,  green,  and  blue  vitriol.  Copperas 
(probably  originally  Copper-rust,  a  term  applied  to  verdigris  and 
other  green  incrustations  of  copper)  is  another  name  for  this  sul- 
phate of  iron,  sometimes  distinguished  as  green  copperas,  sulphate 
of  copper  being  blue  copperas.  Solid  sulphate  of  iron  is  a  con- 
stituent of  Pilula  Aloes  et  Ferri,  B.  P. 

Eerrous  sulphate,  when  exposed  to  the  air,  gradually  turns 
brown  through  absorption  of  oxygen,  ferric  oxy sulphate  (Fe202S0^) 
being  formed.  The  latter  is  not  completely  dissolved ,  by  water 
owing  to  the  formation  of  a  still  lower  insoluble  oxysalt  (Fe_^O.SO^) 
and  soluble  ferric  sulphate  5(rep2SO,)  =  Fe^O.SO,+3(Ee^3SOJ. 

Iron  heated  with  undiluted  sulphuric  acid  gives  sulphurous 
acid  gas  and  ferrous  sulphate : — 

Pe^  4-  4H^S0^  =  2S0^  +  2FeS0,  +  411^. 

Carbonate  of  Iron.    Ferrous  Carbonate. 

Second  Synthetical  Reaction. — To  solution  of  ferrous  sulphate, 
boiling,  in  a  test-tube,  add  a  solution  of  carbonate  of  ammonium 
(Am^COg)  in  recently  boiled  hot  water ;  a  white  precipitate  ot 
ferrous  carbonate  (FeCOg)  is  thrown  down,  rapidly  becoming 
light  green,  bluish  green,  and,  after  a  long  time,  red,  through 
absorption  of  ox3'gen,  evolution  of  carbonic  acid  gas,  and  forma- 
tion of  ferric  oxyhydrate. 

FeSO,    +    Am^COg    =    FeCOg    +  Am^SO, 

Ferrous  Carbonate  of  Ferrous  Sulphate  of 

sulphate.  ammonium,  carbonate.  ammonium. 

Saccharated  Carbonate  of  Iron. — The  above  precipitate,  rapidly 
washed  with  hot  well-boiled  distilled  water,  and  the  moist  pow- 
der mixed  wuth  sugar  and  quickly  dried — in  short,  all  possible 
precautions  taken  to  avoid  exposure  to  air — forms  the  saccharated 
carbonate  of  iron  (Ferri  Carhonas  Saccliarata,  B.  P.). 

The  official  proportions  are  two  ounces  of  the  sulphate  and 
one  ounce  and  a  quarter  of  the  carbonate,  each  dissolved  in  half 
a  gallon  of  hot  water  ;  the  solutions  are  mixed  and  set  aside  in 
a  deep  well-covered  pan,  the  supernatant  liquid  poured  off  when 
the  precipitate  has  subsided,  the  pan  again  filled  up  with  boiling 
water,  the  liquid  once  more  poured  away,  the  precipitate  trans- 
ferred to  a  calico  filter,  drained,  gently  pressed,  and  while  still 
somewhat  moist  rubbed  in  a  mortar  with  one  ounce  of  sugar, 
and  finally  dried  over  a  water-bath.  . 
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Carbonate  of  Iron,  mixed  with  a  fourth  its  weight  of  Confec- 
tion of  lioses,  forms  the  Pilula  Ferri  Carhonatis,  B.  P.  ; 

Notes. — The  red  powder  formerly  termed  Carbonate  or  Sub- 
carbonate  of  Iron  (Ferri  Carhonas  or  Ferri  Suhcarhonas)  was 
ferrous  carbonate  washed  and  dried  with  free  exposure  to  air, 
the  product  thus,  by  the  absorption  of  oxygen  and  the  elements 
of  water  and  elimination  of  carbonic  acid  gas,  becoming  ferric 
oxyhydrate,  a  compound  which  will  come  under  notice  imme- 
diately (p.  160).  Ferrous  carbonate  is  said  to  be  more  easily 
dissolved  in  the  stomach  than  any  other  iron  preparation.  It  is 
so  unstable  and  prone  to  oxidation,  that  it  must  be  washed  in 
water  containing  no  dissolved  air  and  mixed  with  the  sugar 
(which  protects  it  from  oxidation)  as  quickly  as  possible.  In 
making  the  official  compound  mixture  of  iron  {Mistura  Ferri 
Composita,  B.  P.),  Griffith's  mixture,"  the  various  ingredients, 
including  the  carbonate  of  potassium,  should  be  placed  in  a  bottle 
of  the  required  size,  space  being  left  for  the  crystals  or  solution 
of  ferrous  sulphate,  which  should  be  added  last,  the  bottle  imme- 
diately filled  up  with  rose-water  and  securely  corked ;  the  mini- 
mum of  oxidation  is  thus  insured. 

.    Peso,    +    K^C03    =    FeCOg    -}-  K^SO, 

Ferrous  Carbonate  of  Ferrous  Sulphate  of 

sulphate.  potassium.  carbonate.  potassium. 

Arseniate  of  Iron.   Ferrous  Arseniate. 

Third  Synthetical  Reaction,  by  v^hich  the  lower  arseniate  of 
iron,  ferrous  arseniate  (Ferri  Arsenias,  B.  P.)  (Fe32AsO,),  par- 
tially oxidized,  is  formed.  This  will  be  noticed  again  under 
Arsenicum. 

Phosphate  of  Iron.    Ferrous  Phosphate. 

Fourth  Synthetical  Reaction. — To  solution  of  ferrous  sulphate 
in  a  test-tube  add  a  little  solution  of  acetate  of  sodium,  then 
solution  of  phosphate    of   sodium  ;   the  lower  phosphate  of  ; 
iron,  ferrous  phosphate  (Fe32P0,),  is  precipitated  (Ferri  Phos^ 
phas,  B.  P.). 

3FeS0,    +    2^sra,HP0,    +  SIs^aC^KO^ 

Ferrous  Phosphate  Acetate  of 

sulphate.  of  sodium.  sodium. 
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Ferrous  Sulphate  of  Acetic  acid, 

phosphate.  sodium. 

Officially,  solutions  of  3  ounces  of  sulphate  of  iron  in  a  quart 
of  water,  and  2|  ounces  of  phosphate  and  1  of  acetate  of  sodium 
in  another  quart  of  water,  are  well  mixed,  filtered,  the  precipitate 
well  washed,  and,  to  prevent  oxidation  as  much  as  possible,  dried 
at  a  temperature  not  exceeding  120°  F.  These  proportions  will 
be  found  to  accord  with  the  molecular  weights  of  the  crystalline 
salts,  multiplied  as  indicated  in  the  foregoing  equation.  3(FeS0^, 
7H^O)=834;  2(I^a,HP0,,  12Hp)=716 ;  2(NaC,H30,,  3H,0) 
=272. 

The  use  of  the  acetate  of  sodium  is  to  insure  the  absence  of  free 
sulphuric  acid  in  the  solution — sulphate  of  sodium  being  formed 
together  with  acetic  acid.  Sulphuric  acid  is  a  solvent  of  ferrous 
phosphate  ;  acetic  acid  is  not.  It  is  impossible  to  prevent  the 
separation  of  sulphuric  acid,  if  only  ferrous  sulphate  and  phos- 
phate of  sodium  be  employed.  Ferrous  phosphate  is  white,  but 
soon  oxidizes  and  becomes  slate-blue. 

The  above  reaction  also  occurs  in  making  Syrupus  Ferri  Phos- 
phatis,  B.  P.  The  precipitate  should  be  well  washed,  or  red  ferric 
acetate  may  be  developed  after  a  time. 

Sulphide  of  Iron.    Ferrous  Sulphide. 

Ffih  Synthetical  Reaction, — In  a  gas-  or  spirit-flame  strongly 
heat  sulphur  with  about  twice  its  weight  of  iron  filings  in  a  test- 
tube  (or  in  an  earthen  crucible  in  a  furnace) ;  ferrous  sulphide 
(FeS)  is  formed.  When  cold,  add  water  to  a  small  portion,  and 
then  a  few  drops  of  sulphuric  acid ;  sulphuretted  hydrogen  gas 
(H^S),  known  by  its  odour,  is  evolved. 

FeS  +  H^SO,  =  FeSO,  +  H,S. 

Sticks  of  sulphur  pressed  against  a  white-hot  bar  of  cast  iron 
give  the  purest  form  of  ferrous  sulphide.  The  liquid  sulphide 
thus  formed  is  allowed  to  drop  into  a  vessel  of  water.  (Sulphide 
of  Iron,  B.  P.) 

Green  Iodide  of  Iron.   Ferrous  Iodide. 

SiMh  Synthetical  Reaction. — Place  a  piece  of  iodine,  about  the 
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size  of  a  pea,  in  a  test-tube  with,  a  small  quantity  of  water,  and 
add  a  few  iron  filings,  small  nails,  or  iron  wire.  On  gently 
warming,  or  merely  shaking  if  longer  time  be  allowed,  the  iodine 
disappears  and,  on  filtering,  a  clear  light-green  solution  of  iodide 
of  iron  (Pel^)  is  obtained. 

The  official  Ferri  loclidum  is  formed  by  gently  warming  a 
mixture  of  3  parts  of  iodine,  1|  of  fine  iron  wire,  and  12  of  dis- 
tilled water  in  an  iron  vessel.  "When  combination  is  nearly 
complete  (as  shown  by  indications  of  a  sea-green  tint)  boil  for  a 
short  time  until  the  whiteness  of  the  froth  proves  that  the  iodine 
has  entirely  disappeared.  The  solution  is  then  filtered  and  eva- 
porated in  a  clean  bright  iron  saucepan,  ladle,  or  dish  until  a  drop 
taken  out  on  the  end  of  an  iron  wire  stirrer  solidifies  on  cooling. 
The  liquid  is  poured  out  on  a  clean  smooth  slab,  broken  up  and 
preserved  in  a  glass  stoppered  bottle.  Solid  iodide  of  iron  has  a 
crystalline  fracture,  is  green  with  a  tinge  of  brown;  inodorous, 
deliquescent,  and  almost  entirely  soluble  in  water,  forming  a 
slightly  green  solution  which  gradually  deposits  a  coloured  sedi- 
ment and  acquires  a  red  colour." 

The  solid  iodide  contains  about  18  per  cent,  of  water  of  crys- 
tallization and  a  little  oxide  of  iron.  It  is  deliquescent  and 
liable  to  absorb  oxygen  from  the  air  with  formation  of  insoluble 
ferric  oxyiodide  or  hydrato-iodide.  Iodide  of  iron  thus  spoilt 
may  be  purified  by  re-solution  in  water,  addition  of  a  little  more 
iodine  and  some  iron,  warming,  filtering,  and  evaporating  as 
before. 

Ferrous  bromide  (FeBr^),  occasionally  used  in  medicine,  could 
be  made,  as  might  be  expected,  in  the  same  way  as  the  iodide. 

FEEEIC  SALTS. 
Anhydrous  PercMoride  of  Iron.    Ferric  Chloride. 

Seventh  Synthetiml  Reaction. — Pass  chlorine  (generated,  as 
usual,  from  black  oxide  of  manganese  and  hydrochloric  acid  in  a 
flask)  through  sulphuric  acid  contained  in  a  small  bottle,  and 
thence  by  the  ordinary  narrow  glass  tubing  quite  to  the  bottom 
of  a  test-tube  containing  twenty  or  thirty  small  iron  tacks  (or  a 
florence  flask  containing  2  or  3  ounces — see  fig.  31),  the  latter  kept 
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hot  by  a  gas-flame  ;  the  higher  chloride  of  iron,  ferric  chloride,  or 
the  perchloride  *  of  iron  (Fe^Clg),  is  formed  and  condenses  in  the 

Pig.  31. 


Preparation  of  anhydrous  ferric  chloride. 

upper  part  of  the  tube  or  flask  as  a  mass  of  small  dark  iridescent 
crystals.  When  a  tolerably  thick  crust  of  the  salt  is  formed, 
break  off  the  part  of  the  glass  containing  it,  being  careful  that 
the  remaining  corroded  tacks  are  excluded,  and  place  it  in  ten  or 
twenty  times  its  weight  of  water ;  the  resulting  solution,  poured 
off  from  any  pieces  of  glass,  is  a  pure  neutral  solution  of  ferric 
chloride,  and  will  be  serviceable  in  performing  analytical  re- 
actions. 

Precaution. — The  above  experiment  must  be  conducted  in  the 
open  air,  or  in  a  cupboard  having  a  draught  outwards. 

Anhydrous  Ferrous  Chloride,. — In  breaking  up  the  tube  small 
scales  of  a  light  buff  colour  will  be  observed  adhering  to  the 
nails ;  they  are  crystals  of  ferrous  chloride  (FeCl^). 

Note. — Solution  of  ferric  chloride  evolves  some  hydrochloric  acid 
on  boiling,  while  a  darker-coloured  solution  of  ferric  oxychloride 
remains. 

*  The  prefix  per  (and  hyper)  used  here  and  elsewhere  is  from  virep^ 
hyper,  over  or  above,  and  simply  means  the  "highest"  of  several.  Thus 
perchloride,  the  highest  chloride. 
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G-reen  Chloride  of  Iron.  Hydrous  Ferrous  Chloride.  Solution 
of  Hydrous  Ferric  Chloride. 

Eiglith  Synthetical  Eeaction. — Dissolve  iron  tacks,  in  a  test-tube, 
in  hydrochloric  acid ;  hydrogen  escapes,  and  the  solution  on  cool- 
ing, or  on  evaporation  and  cooling,  deposits  crystallized  ferrous 
cMoride  (PeCl^)  associated  with  four  molecules  of  water  of  crys- 
tallization (FeCl,,  4H,0). 

Through  a  portion  of  the  solution  of  ferrous  chloride  pass  chlo- 
rine gas ;  the  ferrous  chloride  becomes  ferric  chloride. 

The  excess  of  chlorine  dissolved  by  the  liquid  in  this  experi- 
ment may  be  removed  by  ebullition  ;  but  the  ferric  chloride  is 
slightly  decomposed  at  the  same  time,  for  the  reason  just  stated. 
The  free  chlorine  may  also  be  carried  off  by  passing  a  current  of 
air  through  the  liquid  for  some  time. 

Hydrous  Ferric  Chloride.  (The  Official  Process.) 
Ninth  Synthetical  Reaction, — To  another  portion  of  the  solution 
of  ferrous  chloride,  in  a  test-tube,  add  a  little  more  hydrochloric 
acid  ;  heat  the  liquid,  and  continue  to  drop  in  nitric  acid  until  the 
black  colour  it  first  produces  disappears  ;  the  resulting  reddish- 
brown  liquid  is  also  solution  of  ferric  chloride. 

6FeCl,  -f  2HNO3  +  6HC1  =  Sl^e^Cl^  +  2N0  +  4H,0 

Ferrous  Nitric         Hydrochloric        Ferric  Nitric  Water, 

chloride.  acid.  acid.  chloride.  oxide. 

The  black  colour  is  due  to  solution  of  nitric  oxide  gas  (NO)  in 
a  portion  of  the  ferrous  salt ;  it  is  decomposed  b}^  heat. 

This  is  the  process  for  producing  the  Liquor  Ferri  Perchloridi 
Fortior,  B.  P.,  2  ounces  of  iron,  12  fluid  ounces  of  hydrochloric 
acid,  9  fluid  drachms  of  nitric  acid,  and  8  ounces  of  water  being 
employed,  and  the  product  boiled  down  to  10  fluid  ounces.  Prac- 
tically it  is  impossible  so  to  apportion  the  acids  that  a  solution 
shall  result  containing  neither  excess  of  acid  nor  of  metal,  nor 
contain  ferric  nitrate.  Por  most  medicinal  purposes,  however, 
solution  of  perchloride  of  iron  containing  hydrochloric  acid  is  said 
to  be  unobjectionable. 
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Diluted  with  3  Yolumes  of  water  this  strong  solution  gives  the 
Liquor  Ferri  Perchloridi,  B.  P., — or  with  3  volumes  of  rectified 
spirit  the  Tinctura  Ferri  Perchloridi,  E.  P. 

Note. — The  spirit  in  the  latter  preparation  is  unnecessary,  use- 
less, and  deleterious ;  for  it  acts  neither  as  a  special  solvent  nor 
as  a  preservative,  the  offices  usually  performed  by  alcohol  (Tinc- 
turceet  Succi,  B.  P.) ;  but,  unless  the  liquid  contain  excess  of  acid, 
decomposes  the  ferric  chloride  and  causes  the  formation  of  an  in- 
soluble oxychloride  of  iron.  Even  if  the  tincture  be  acid  it  slowly 
loses  colour,  ferrous  chloride  and  chlorinetted  ethereal  bodies 
being  formed.  The  Liquor,  which  is  similar  in  strength,  is 
doubtless  destined  to  displace  the  tincture  altogether. 

Solution  of  Perric  Chloride  evaporated  yields  a  mass  of  yellow 
crystals  containing  Pe^Clg,  I2H2O,  or,  rarely,  red  crystals  having 
the  formula  Pe^Cl^,  dlLfi. 

The  old  method  of  making  official  solutions  of  ferric  chloride 
is  to  dissolve  ferric  oxide,  or  hydrate,  in  hydrochloric  acid  ;  but, 
from  the  varying  character  of  trade  specimens  of  the  ingredients, 
the  liquid  is  more  likely  to  contain  excess  or  deficiency  of  iron 
than  the  proper  proportion. 

Persulphate  of  Iron.    Ferric  Sulphate. 

Tenth  Synthetical  Reaction, — Dissolve  about  three  quarters  of 
an  ounce  of  ferrous  sulphate  and  a  sixth  of  its  weight  of  sul- 
phuric acid  in  an  ounce  and  a  half  of  water  in  an  evaporating- dish, 
heat  the  mixture  and  drop  in  nitric  acid  until  the  black  colour  it 
first  produces  disappears ;  the  resulting  liquid,  when  made  of  a 
certain  prescribed  strength,  is  the  solution  of  ferric  sulphate,  or 
higher  sulphate,  "  Solution  of  Persulphate  of  Iron "  of  the 
British  Pharmacopoeia,  a  heavy  dark-red  liquid. 

6PeS0,  +  3H,S0,  +  2HNO3  =  3(Pe^3SOJ  +  -h  4H.,0 

Ferrous  Sulphuric  I^'itric  Ferric  Nitric  Water 

sulphate.  acid.  acid.  sulphate.  oxide. 

The  black  colour,  as  in  the  previous  reaction,  is  due  to  a  com- 
pound of  ferrous  salt  with  nitric  oxide  (2reS04  WO). 

The  definite  official  solution  of  ferric  sulphate  {Liquor  Ferri 
Persulphatis,  B.  P.)  is  made  by  adding  6  fluid  drachms  of  sul- 
phuric acid  to  half  a  pint  of  water,  warming,  dissolving  8  ounces 
of  crystals  of  sulphate  of  iron  in  the  liquid,  then  pouring  in  nitric 
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acid  (6  fluid  drachms  or  rather  more)  slightly  diluted  until  the 
mixture  turns  from  a  black  to  a  reddish  colour,  and  ruddy  nitrous 
vapours  cease  to  be  produced  ;  the  whole  should  measure  11 
fluid  ounces,  being  diluted  or  farther  evaporated,  as  the  case  may 
be,  to  this  bulk. 

Note. — In  all  the  reactions  in  which  iron  passes  from  ferrous 
to  ferric  condition  the  element  assumes  different  properties,  the 
chief  one  being  an  alteration  from  bivalent  to  trivalent  activity. 

Acetate  of  Iron.   Ferric  Acetate. 

Eleventh  Synthetical  Reaction.— To  a  strong  solution  of  ferric 
sulphate  (from  which  free  nitric  acid  has  been  removed  by 
evaporating  to  dryness  and  redissolviiig  in  water)  add  an  alcoholic 
solution  of  acetate  of  potassium  (KC^HgO^),  and  well  shake  the 
mixture ;  a  crystalline  precipitate  of  sulphate  of  potassium 
(KgSO^)  falls,  and  ferric  acetate  (Fe^GC^HgO^)  remains  in  solution, 
forming,  when  filtered  and  of  definite  strength,  the  Tinctura 
Ferri  Acetatis,  B.  P.    The  preparation  is  unstable. 

Ferric  Acetate  of  Sulphate  of  Ferric 

sulphate.  potassium.  potassium.  acetate. 

The  ofiicial  proportions  are  2|  fluid  ounces  of  Solution  of 
Persulphate  of  Iron"  with  8  fluid  ounces  of  rectified  spirit, 
mixed  with  a  solution  of  2  ounces  of  acetate  of  potassium  in  10 
fluid  ounces  of  spirit,  the  whole  well  shaken  frequently  during 
an  hour,  filtered,  and  the  precipitated  sulphate  of  potassium 
washed  by  pouring  on  spirit  until  the  filtrate  measures  1  pint. 
A  solution  four  times  this  strength,  made  from  ferric  hydrate 
and  glacial  acetic  acid,  is  stable  :  it  is  diluted  with  spirit  as 
wanted  (J.  Deane  and  T.  Jeaff'reson). 

Perhydrate  of  Iron.    Ferric  Hydrate. 

Twelfth  Synthetical  Reaction. — Pour  a  portion  of  the  solution 
of  ferric  sulphate  into  excess  of  solution  of  soda ;  moist  ferric 
hydrate  is  precipitated  (Ferri  Peroxidum  Humidum,  B.  P.). 
Fe^3S0^    +    GlN'aHO    =    Pe,6H0    +  SjN'a.SO, 

Ferric  Soda.  Ferric  Sulphate 

sulphate.  hydrate.  of  sodium. 

Either  of  the  other  alkalies  (potash  or  ammonia)  will  produce 
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a  similar  reaction ;  but  soda  is  the  one  ordered  in  the  British 
Pharmacopoeia,  and  is  cheapest  and  most  convenient. 

Ferric  Jiydrate  is  an  antidote  to  arsenic  if  administered  directly 
after  the  poison  has  been  taken. 

It  converts  the  soluble  arsenic  (As^Og)  into  insoluble  ferrous 
arseniate  : — 

2(Pe,6HO)   +  As^Og   =  Fe32AsO^   +   5H,0   +  Pe2H0. 

Dried  ferric  hydrate  (then  become  an  oxjhydrate — 'Eefi^2110) 
(Ferri  Peroxidum  Hydratum^  B.  P.)  has  no  action  on  arsenic. 
Even  the  moist  recently  prepared  hydrate  (Pe^GHO)  ceases  to 
react  with  arsenic  as  soon  as  it  has  become  converted  into  an 
oxyhydrate  (Pe^OgBHO),  a  change  which  occurs  though  the 
hydrate  be  kept  under  water  (W.  Procter,  Jun.).  Accordiug  to 
T.  and  H.  Smith  this  decomposition  occurs  gradually,  but  in  an 
increasing  ratio ;  so  that  after  four  months  the  power  of  the 
moist  mass  is  reduced  to  one  half,  and  after  five  months  to  one 
fourth.  'Now  the  mere  loss  of  water  is  not  usually  followed  by 
any  alteration  of  the  essential  chemical  properties  of  a  compound. 
It  would  seem,  therefore,  that  ferric  hydrate  (two  molecules) 
(FeJ.2IL0)  probably  suffers,  on  standing,  actual  decomposition 
into  oxyhydrate  (Fe^OgGHO)  and  water  (Sli^O),  and  does  not 
merely  lose  water  already  existing  in  it  as  water.  Perric  hydrate 
is  also  far  more  readily  soluble  in  hydrochloric  acid,  tartaric 
acid,  citric  acid,  and  acid  tartrate  oiP  potassium,  than  ferric 
oxyhydrate.  Any  formula  exhibiting  ferric  hydrate  (Pe^BHO) 
as  a  combination  of  ferric  oxide  and  water  (Pe^Og,  SH^O)  is, 
apparently,  for  these  and  other  reasons,  incorrect. 

Peroxyhydrate  of  Iron.   Ferric  Peroxyhydrate, 

Collect  the  precipitate  on  a  filter,  wash,  and  dry  on  a  plate 
over  hot  water ;  ferric  oxyhydrate  (Ferri  Peroxidum  Hydratum, 
B.  P.)  (FqP^2'K0)  remains.  When  rubbed  to  powder  it  is  fit 
for  use  in  medicine. 

Pe^6H0    =    Pe,0,2H0    +  22,0. 

Peroxide  of  Iron.   Ferric  Oxide. 

This  oxyhydrate  further  decomposes  when  heated  to  low  red- 
ness, ferric  oxide  (Pe^Og)  remaiuing. 

Pe,0,2H0    =    Pe^Og    +  H.O. 
The  six  univalent  atoms  of  the  HO,  the  characteristic  elements 
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of  all  hydrates,  are  thus,  by  two  successive  steps,  split  up  into 
water  and  oxygen.  But  between  the  hydrate  and  oxide  there 
obviously  may  be  another  oxyhydrate,  in  which  only  2H0  is 
displaced  by  0"  ;  and  such  a  compound  is  well  known  :  it  is  a 
variety  of  brown  iron  ore.  The  other  oxyhydrate,  Pe^O^^HO,  is 
also  native  (needle  iron  ore),  as  well  as  being*  the  Ferri  Perox- 


idum  ffydratum,  B.  P. 

u  Ferri  Peroxidum  Humidum  "    ^^"'2  6H0 

A  variety  of  brown  iron  ore    Fe"'JJ"  4H0 

"  Eerri  Peroxidum  Hydratum  "  (needle  ore)  Fe"'fi"^2'R0 

Perric  oxide   Pe'"20"3 


The  moist  ferric  hydrate,  as  already  stated,  when  kept  for  some 
months,  even  under  water,  loses  the  elements  of  water,  and  is 
converted  into  an  oxyhydrate,  having  the  formula  Pe^HgO^  (limo- 
nite  or  brown  haematite),  which  is  either  a  compound  of  the 
above  oxyhydrates  (Fefi^RO)  +  (Pep^^HO),  or  is  a  definite 
intermediate  oxyhydrate  (Pe^O^GHO). 

By  ebullition  with  water  for  seven  or  eight  hours,  ferric  hydrate 
is  decomposed  into  water,  and  an  oxyhydrate  having  the  formula 
Pe^H^O^  (Saint-Gilles),  which  is  either  a  mixture  of  the  official 
oxyhydrate  (Fefi,^2IL0)  with  ferric  oxide  (Pe^^Og),  or  a  definite 
intermediate  body  (Pe^0_2H0).  The  relation  of  these  bodies 
to  each  other  will  be  apparent  from  the  following  Table,  in  which, 
for  convenience,  the  formulae  of  ferric  hydrate  and  oxide  are 


doubled : — 

Perric  hydrate  (B.  P.)  (as  stalactite)    Pe^  12H0 

Kilbride  mineral  (?)   Pe^  OlOHO 

Brown  iron  ore  (Huttenrode  and  Baschau)  .  .  Pe^  O^SHO 

Old  ferric  hydrate  (limonite)    Pe^  O36HO 

Perric  oxyhydrate  (B.  P.)  (gothite)   Pe^  0^4H0 

Boiled  ferric  hydrate  (turgite)   Pe^  0^2H0 

Perric  oxide  (red  haematite)   Pe^  Og 


A  ferric  oxycarbhydrate  (Pe^OCOgSHO)  has  been  obtained  by 
Bother. 

The  official  ferric  oxyhydrate  (PCgO^SHO),  termed  in  the 
Pharmacopoeia  Hydrated,  Peroxide  of  Iron,  under  the  assumption 
that  it  is  a  compound  of  ferric  oxide  and  water  (Pe^O^,  H^O), 
was  formerly  made  by  mixing  solutions  of  ferrous  sulphate  and 
carbonate  of  sodium  and  exposing  the  resulting  ferrous  carbonate 
to  the  air  until  it  was  nearly  all  converted  into  ferric  oxyhy- 
drate ;  hence  its  old  name,  still  sometimes  seen  on  old  bottles,  of 
Ferri  Carhonas  and  Ferri  Suhcarhonas. 


IRON. 


161 


Ferric  Oxide.  {Another  Process.) 
Thirteenth  Synthetical  Eeaction. — Eoast  a  crystal  or  two  of 
ferrous  sulphate  in  a  small  crucible  until  fumes  cease  to  be 
evolved;  the  residue  is  a  variety  of  ferric  oxide  (Fe^Og),  or 
peroxide  of  iron,  known  in  trade  as  red  oxide  of  iron,  colcothar, 
crocus,  rouge  (mineral),  Venetian  red,  etc.  It  has  sometimes 
been  used  in  pharmacy  in  mistake  for  the  official  oxyhydrates 
(vide  12th  Synthet.  Reac),  from  which  it  differs  not  only  in 
composition  but  in  the  important  respect  of  being  almost  insoluble 
in  acids. 

The  "  Scale  "  Compounds  of  Iron. 

Fourteenth  Synthetical  Reaction. — Repeat  the  twelfth  reaction, 
introducing  a  little  solution  of  citric  or  tartaric  acid,  or  acid  tar- 
trate of  potassium,  before  adding  to  the  alkali  (soda,  potash,  or 
ammonia),  and  notice  that  now  no  precipitation  of  ferric  hydrate 
occurs.  This  experiment  serves  to  illustrate  not  the  manufacture 
of  a  scale  compound  but  the  chemistry  of  the  manufacture.  The 
effect  is  due  to  the  formation  of  double  compounds,  termed 
Ammonio -Citrate,  Potassio-Citrate,  Ammonio -Tartrate,  Potassio- 
Tartrate,  and  similar  sodium  compounds  of  Iron,  which  remain  in 
solution  along  with  the  secondar}^  product — sulphate  of  the  alkali 
metal.  Such  ferric  compounds,  made  with  certain  prescribed 
proportions  of  recently  prepared  ferric  hydrate  (from  which  all 
alkaline  sulphate  ha8  been  washed),  and  the  respective  acids 
(tartaric  or  citric)  or  acid  salts  (acid  tartrate  of  potassium),  etc., 
and  the  solutions  evaporated  to  a  syrupy  consistence  and  spread 
on  flat  plates  till  dry,  form  the  scale  preparations  known  as 
Ferri  et  Ainmonice  Citras,  B.  P.,  and  Ferri  Potassio-tartras,  or, 
rather,  Ferrum  Tartaratwn,  B.  P.  A  mixture  of  ferric  citrate 
with  citrate  of  ammonium  and  citrate  of  quinine  yields,  by 
similar  treatment,  the  well-known  scales  of  Ferri  et  Quinice 
Citras,  B.  P. 
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Specimens  of  these  substances  may  be  prepared  by  attending 

to  the  following  details.    It  is  essential,  first,  that  the  ferric 

hydrate  be  thoroughly  washed,  or  an  insoluble  oxysulphate  will 

be  formed ;  second,  that  the  ferric  hydrate  be  rapidly  washed,  or 

an  insoluble  ferric  oxyhydrate  will  be  produced ;  thirdly,  that 

the  whole  operation  be  conducted  quickly,  or  reduction  to  green 

ferrous  salt  will  occur  ;  fourthly,  that  the  solutions  of  the  salts 

be  not  evaporated  at  a  higher  temperature  than  that  stated,  or 

decomposition  will  take  place ;  and,  fifthly,  that  excess  of  ferric 

hydrate  be  employed. 

In  the  pharmacopoeial  processes  for  the  three  scale  compounds, 
the  ferric  hydrate  is  in  each  case  freshly  made  from  solution  of 
ferric  sulphate  by  precipitation  with  solution  of  ammonia  : — 

Fe,3S0^    +    6AmH0    =    Pe^6H0    +  3Am^S0^ 

Ferric  Hydrate  of  Ferric  Sulphate  of 

sulphate.  ammonium.  hydrate.  ammonium. 

the  solution  of  ferric  sulphate  being  made  of  a  definite  strength 
from  a  known  weight  of  ferrous  sulphate.  The  reason  for  adopt- 
ing this  course  is,  that  ferric  hydrate  is  unstable  and  cannot  be 
weighed,  because  it  cannot  be  dried  without  decomposing  and 
becoming  insoluble,  as  explained  under  the  12th  reaction.  This 
definite  solution  of  ferric  sulphate  {Liquor  Ferri  Persulpliatis, 
B.  P.)  is  made  by  adding  six  fluid  drachms  of  sulphuric  acid  to 
half  a  pint  of  water,  warming,  dissolving  eight  ounces  of  crystals 
of  sulphate  of  iron  in  the  liquid,  pouring  in  nitric  acid  (six  fluid 
drachms  or  rather  more)  slightly  diluted  until  the  mixture  turns 
from  a  black  to  a  reddish  colour,  and  ruddy  nitrous  vapours  cease 
to  be  produced ;  the  whole  should  measure  eleven  fluid  ounces, 
being  diluted  or  further  evaporated,  as  the  case  may  be,  to  this 
bulk. 

6PeS0,  +  3H^S0,  +  2^m^  =  3(Fe^3SOJ  +  2m  +  4H,0. 

Ferri  et  Ammonice  Citras,  B.  P.  (Ferri  et  Ammonii  Citras, 
U.  S.  P.). — Ferric  hydrate  is  dissolved  in  solution  of  citric  acid, 
ammonia  added,  and  the  whole  evaporated  to  dryness. 

To  prepare  the  ferric  hydrate,  dilute  eight  (or,  rather,  nine  and 
a  half)  fluid  ounces  of  the  above  solution  of  ferric  sulphate  with 
about  a  quart  of  water ;  pour  this  into  two  or  three  pints  of 
water  containing  excess  of  solution  of  ammonia — about  5  fluid 
ounces  of     Strong  Solution  of  Ammonia,"  or  15  ounces  of 
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"  Solution  of  Ammonia."  (If  the  opposite  course  were  adopted, 
the  alkaline  liquid  poured  into  the  ferric  solution,  the  precipitate 
would  contain  ferric  oxysulphate,  or  hydrato-sulphate,  which 
interferes  with  the  brilliancy  of  the  scales.)  Thoroughly  stir  the 
mixture  (it  will  smell  strongly  of  ammonia  if  enough  of  the 
latter  has  been  added),  allow  the  precipitate  to  subside,  pour 
away  the  supernatant  liquid,  add  more  water,  and  repeat  the 
washing  until  a  little  of  the  liquid  tested  for  by-product  (sulphate 
of  ammonium)  by  solution  of  chloride  or  nitrate  of  barium  ceases 
to  give  a  white  precipitate  (sulphate  of  barium).  Collect  the 
ferric  hydrate  on  a  filter,  drain,  and  place,  while  still  moist,  in  a 
solution  of  four  ounces  of  citric  acid  in  eight  of  water,  placed  in 
an  evaporating-basin  over  a  water-bath  ;  stir  frequently,  until 
nearly  the  whole  of  the  hydrate  has  dissolved.  To  the  solution, 
when  cold,  add  nearly  two  fluid  ounces  of  strongest  (or  five  and 
a  half  of  weak)  solation  of  ammonia,  filter,  evaporate  over  a 
water-bath  to  the  consistence  of  syrup,  thinly  spread  on  panes  of 
glass,  and  dry  (at  a  temperature  not  exceeding  100°  ¥.),  The 
product  scales  off  the  glass  in  deep  red  transparent  laminsG. 

Ferri  et  Quinice  Citras,  E.  P. — Perric  hydrate  and  pure  quinia 
are  dissolved  in  solution  of  citric  acid,  ammonia  added,  and  the 
whole  evaporated  to  dryness.  The  product  contains  citrate  of 
iron,  citrate  of  quinia,  and  citrate  of  ammonium. 

The  ferric  hydrate  is  obtained  from  four  and  a  half  fluid  ounces 
of  the  solution  of  ferric  sulphate,  with  all  the  precautions  described 
in  the  previous  paragraph,  a  proportionate  quantity  of  ammonia 
being  employed. 

While  the  ferric  hydrate  is  being  washed,  prepare  the  quinia 
by  dissolving  one  ounce  of  the  ordinary  sulphate  of  quinia  in  eight 
ounces  of  distilled  water,  acidified  with  suflicient  sulphuric  acid 
to  dissolve  the  sulphate  (about  12  fluid  drachms  of  the  official 
"  diluted  sulphuric  acid"),  and  to  the  clear  liquid  add  solution 
of  ammonia,  well  mixing  the  product  by  stirring,  until  the  whole 
of  the  quinia  is  precipitated  (that  is,  until  the  mixture,  after 
thorough  agitation,  smells  of  ammonia).  Collect  the  precipitate 
on  a  filter,  let  it  drain,  and  wash  away  adhering  solution  of 
sulphate  of  ammonium  by  passing  through  it  about  a  pint  and  a 
half  of  distilled  water. 

(It  will  be  observed  that  the  principle  involved  in  the  preparation  of 
quinia  from  its  sulphate  is  identical  with  that  which  obtains  in  the  precipi- 
tation of  alumina,  ferric  hydrate,  or  hydrate  of  zinc,  etc.  Such  a  soluble 
sulphate — or,  indeed,  any  similar  soluble  salt — has  its  acidulous  constituent 
removed  by  the  superior  affinity  of  the  basjlous  radical  in  ammonia,  or 
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other  alkali,  an  insoluble  precipitate  and  a  new  soluble  sulphate  being 
formed.  The  latter  is  washed  away,  leaving  the  former  pure.  In  such 
manipulations,  when  economy  has  to  be  practised,  soda  is  the  alkali  gene- 
rally employed.  Ammonia,  however,  has  the  advantage  of  showing  the 
moment  when  its  work  of  removing  an  acidulous  radical  is  completed  ;  for 
the  salts  which  ammonium  forms  with  such  acidulous  radicals  as  SO^,  CI, 
NOg,  and  C2H3O2  are  inodorous,  while  it  itself  has  a  powerful  odour ;  so 
long,  therefore,  as  the  salt  to  be  decomposed  is  not  wholly  attacked,  the 
addition  of  ammonia  does  not  give  an  ammoniacal  odour  to  the  mixture, 
the  ammonia,  as  such,  being,  in  fact,  destroyed ;  but  v^hen  the  work  is 
accomplished,  the  quantity  of  ammonia  last  added  remains  as  ammonia,  and 
communicates  its  natural  smell  to  the  liquid.) 

The  ferric  hydrate  and  qiiinia  being  now  washed  and  drained, 
dissolve  the  former,  and  afterwards  the  latter,  in  a  solution  of 
three  ounces  of  citric  acid  in  five  of  distilled  water,  the  acid  liquid 
being  warmed  over  a  water-bath,  and  portions  of  the  precipitates 
stirred  in  as  fast  as  solution  is  effected.  "  Let  the  solution  cool, 
then  add,  in  small  quantities  at  a  time,  twelve  fluid  drachms  of 
solution  of  ammonia  diluted  with  two  fluid  ounces  of  distilled 
water,  stirring  the  solution  briskly,  and  allowing  the  quinia 
which  separates  with  each  addition  of  ammonia  to  dissolve  (in 
the  acid)  before  the  next  addition  is  made  (excess  of  ammonia 
must  be  avoided  or  the  quinia  will  be  precipitated).  Eilter  the 
solution,  evaporate  to  the  consistence  of  a  thin  syrup,  and  then 
dry  in  thin  layers  on  flat  porcelain  or  glass  plates  at  a  tempera- 
ture of  100°.  Eemove  the  dry  salt  in  flakes,  and  keep  it  in  a 
stoppered  bottle."  Long-continued  exposure  to  sunlight  causes 
opacity  in  the  scales,  and  renders  them  diflicultly  soluble  (Wood). 

Ferrum  Tartaratum^  B.  P.  (Ferri  et  Potassii  Tartras^  U.  S.  P). 
— Ferric  hydrate  is  dissolved  in  solution  of  acid  tartrate  of 
potassium,  and  the  whole  evaporated  to  dryness. 

The  ferric  hydrate  obtainable  from  five  and  a  half  fluid  ounces 
(six  is  better)  of  the  oflicial  solution  of  ferric  sulphate  by  the  action 
of  ammonia,  in  the  manner  detailed  in  the  previous  paragraphs, 
is  mixed  (in  a  mortar),  while  still  moist  but  well  drained,  with 
two  ounces  of  acid  tartrate  of  potassium.  The  whole  is  set  aside 
for  about  twenty-four  hours,  occasionally  triturated  to  promote 
contact  and  reaction  of  the  molecules  (otherwise  somewhat 
sluggish  in  attacking  each  other),  and  then  heated  in  a  dish  over 
a  water-bath  to  a  temperature  not  exceeding  140°  P. ;  a  pint  of 
distilled  water  is  then  added,  and  the  mixture  kept  warm  until 
nothing  more  will  dissolve  ;  filtered,  evaporated  at  a  temperature 
not  exceeding  140°  (greater  heat  causes  decomposition),  and, 
when  the  mixture  has  the  consistence  of  syrup,  spread  on  panes 
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of  glass  and  allowed  to  dry  (in  any  warm  and  light  place  shown  by 
a  thermometer  to  be  not  hotter  than  140°).  The  dry  salt  is  thus 
obtained  in  flakes.    It  should  be  kept  in  well- closed  bottles. 

The  foregoing  are  the  only  official  scale  preparations  of  iron. 
Many  others  of  similar  character  might  be  formed.  The  Citrate 
dissolves  slowly  in  cold  but  readily  in  warm  water.  IN'one 
crystallize  or  give  other  indications  of  definite  chemical  com- 
position. Their  properties  are  only  constant  so  long  as  they  are 
made  with  unvarying  proportions  of  constituents.  Want  of 
chemical  compactness,  the  loose  state  in  which  the  iron  is 
combined,  precludes  their  recognition  as  well-defined  chemical 
compounds,  yet  possibly  enables  them  to  be  more  readily  assi- 
milated as  medicines  than  some  of  the  more  definite  ferrous  and 
ferric  salts.  A  definite  ferrous  tartrate  (FeC^HPg)  and  ferrous 
citrate  (FellCgHgO^,  H^O)  have  been  obtained  by  reaction  of  iron 
and  acid  in  hot  water.  They  occur  as  white  gritty  masses  of 
microscopic  crystals.  In  the  United  States  Pharmacopoeia  Ferri 
et  Ammonii  Tartras  is  included. 

Wine  of  Iron^  or  "  Steel "  wine  ( Vinum  Ferri^  B.  P.),  made 
by  digesting  iron  wire  in  sherry  wine,  probably  contains  tar- 
trate of  potassium  and  iron  and  other  iron  salts,  formed  by 
action  of  the  metal  on  the  acid  tartrate  of  potassium  and  tar- 
taric, citric,  malic,  and  acetic  acids  present  in  the  wine.  Vinum 
Ferri  Citratis,  B.  P.,  is  a  solution  of  ammonio-citrate  of  iron  in 
orange  wine. 

Black  Hydrate  of  Iron.    Ferroso-ferric  Hydrate. 

Ferri  Oocidum  Magneticum,  P.  P. 

Fifteenth  Synthetical  Reaction. — To  two  thirds  of  a  small 
quantity  of  a  solution  of  ferrous  sulphate  add  a  little  sulphuric 
acid  ;  warm,  and  gradually  add  nitric  acid,  as  described  in  the 
tenth  reaction,  care  being  taken  not  to  allow  one  drop  more 
nitric  acid  than  necessary  to  fall  into  the  test-tube.  Add  the 
other  third  of  ferrous  sulphate,  shake,  and  pour  the  liquid  into 
excess  of  an  alkali ;  black  (at  first  brown)  hydrate  of  iron,  or 
ferroso-ferric  hydrate  (Fe38HO=Fe2B:0,  Pe,6II0),  is  produced. 
Fe^SSO,  +  FeSO,  +  SI^aHO  =  FOgSHO  +  4]Sra,S0^ 

Ferric  Ferrous  Soda.  Black  hydrate  Sulphate 

sulphate.  sulphate.  of  iron.  of  sodium. 
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It  is  so  readily  attracted  by  a  magnet,  even  when  moist,  as  to 
collect  round  tlie  latter  when  immersed  in  the  supernatant  liquid. 
Hence  the  B.  P.  name,  Ferri  Oxidum  Magneticum, 

In  this  process  the  nitric  acid  oxidizes  the  hydrogen  of  the 
sulphuric  acid,  the  sulphuric  radical  uniting  with  the  ferrous  sul- 
phate, the  iron  of  which  is  at  the  same  time  altered  from  the  ferrous 
to  the  ferric  condition,  ferric  sulphate  being  formed.  If  too  much 
nitric  acid  be  employed,  the  second  portion  of  ferrous  sulphate 
will  also  be  converted  into  ferric  salt,  and  the  solution,  on  the 
addition  of  alkali,  yield  only  red  ferric  hydrate.  This  result  may 
be  avoided  by  evaporating  the  solution  of  ferric  sulphate  nearly 
to  dryness,  thus  boiling  off  excess  of  nitric  acid,  or  by  pouring 
first  the  ferric  and  then  the  ferrous  liquid  into  the  alkali  and 
thoroughly  stirring  the  mixture ;  any  nitric  acid  is  then  neutra- 
lized and  rendered  incapable  of  oxidizing  the  ferrous  sulphate 
subsequently  added. 

Elack  hydrate  of  iron  is  decomposed  by  heat,  yielding,  in  a 
closed  vessel,  oxyhydrates  and,  finally,  black  oxide  of  iron  or 
ferroso-ferric  oxide.  Heated  in  the  air  it  absorbs  oxygen  and 
gives  ferric  oxide.  The  black  forge-scales  which  collect  near  the 
blacksmith's  anvil  have  the  composition  of  ferroso-ferric  oxide  ; 
the  black  magma  formed  on  exposing  a  mixture  of  iron  and  water 
to  the  air  is  ferroso-ferric  hydrate ;  but  these  varieties  are  apt  to 
contain  particles  of  metal  and,  hence,  give  hydrogen  gas  when 
dissolved  in  acids — a  character  which  distinguishes  them  from 
the  official  preparation. 

If  a  dried  specimen  of  the  black  hydrate  of  iron  be  required, 
the  mixture  should  be  well  boiled  and  then  set  aside  for  an  hour 
or  two  to  favour  aggregation  of  the  particles,  the  mixture  filtered, 
and  the  precipitate  washed  until  the  washings  contain  no  trace 
of  sulphate  (indicated  by  a  white  precipitate  with  chloride  of 
barium).  Elack  hydrate  of  iron  absorbs  oxygen  even  at  the  tem- 
perature of  the  water-bath ;  it  should  consequently  be  dried  at 
120°,  a  temperature  at  which  only  slight  oxidation  occurs. 

Pernitrate  of  Iron.   Ferric  Mtrate. 

Sixteenth  Synthetical  Reaction. — Place  a  few  iron  tacks  in 
dilute  nitric  acid  and  set  aside  ;  solution  of  ferric  nitrate,  or  per- 
nitrate of  iron,  is  formed  (Fe26]N'03). 
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Iron.  Nitric  acid.  Ferric  nitrate.  Water.  Nitric  oxide. 

This  solution,  made  with  care  and  of  a  prescribed  strength, 
forms  the  Liquor  Ferri  Pernitratis,  B.  P.  The  process  is  as 
follows : — Pour  and  a  half  fluid  ounces  of  nitric  acid  are  diluted 
with  sixteen  ounces  of  distilled  water,  and  one  ounce  of  iron 
wire,  free  from  rust,  dissolved  in  the  mixture,  the  latter  being 
kept  cool  to  avoid  violence  of  action.  The  liquid  is  finally  filtered 
and  diluted  to  thirty  fluid  ounces. 


Pig.  32. 


Preparation  of  Reduced  Iron, 
Seventeenth  Synthetical  Reaction. — Pass  hydrogen  gas  (dried  by 
passing  over  pieces  of  chloride  of  calcium  contained  in  a  tube,  or 
through  sulphuric  acid  in  a  wash-bottle)  over  a  small  quantity  of 
ferric  oxy hydrate  or  oxide  contained  in  a  tube  arranged  horizon- 
tally (a  test-tube  the  bottom  of  which  has  been  accidentally 
broken  serves  very  well),  the  oxide  being  kept  hot  by  a  gas- 
flame  ;  oxygen  is  removed  from  the  oxide  by  the  hydrogen,  steam 
escapes  at  the  open  end  of  the  tube,  and  after  a  short  time,  when 
moisture  ceases  to  be  evolved,  metallic  iron,  in  a  minute  state  of 
division,  remains.    (See  Pig.  32.) 

Pe.O,    +    3H,    =    Fe,    +  3H,0 

Ferric  oxide.       Hydrogen.  Iron.  Water. 

While  still  hot  throw  the  iron  out  into  the  air ;  it  takes  fire  and 
falls  to  the  ground  as  oxide. 


168 


THE  METALLIC  RADICALS. 


If  the  ferric  oxide  is  reduced  in  a  gun -barrel  heated  by  a 
strong  furnace,  the  particles  of  iron  aggregate  to  some  extent, 
and,  when  cold,  are  only  slowly  oxidized  in  dry  air.  This  latter 
form  of  reduced  iron  is  Fer  reduit,  or  Queveane^s  Iron,  the  Ferri 
pulvis,  or  Ferrum  Redactmn,  B.  P.  —  "a  fine  greyish-black 
powder,  strongly  attracted  by  the  magnet,  and  exhibiting  metallic 
streaks  when  rubbed  with  firm  pressure  in  a  mortar."  It  is  often 
administered  in  the  form  of  lozenges  (Trochisci  Ferri  Redacti, 
B.  P.),  gum  and  sugar  protecting  the  iron  from  oxidation  as 
well  as  forming  a  vehicle  for  its  administration. 

Note  I. — The  spontaneous  ignition  of  the  iron  in  the  above  ex- 
periment is  an  illustration  of  the  influence  of  minute  division  on 
chemical  affinity.  The  action  is  the  same  as  occurs  whenever 
iron  rusts,  and  the  heat  evolved  and  amount  of  oxide  formed  is 
not  greater  from  a  given  quantity  of  iron ;  but  the  surface  ex- 
posed to  the  action  of  the  oxygen  of  the  air  is,  in  the  case  of  this 
variety  of  reduced  iron,  so  enormous  compared  with  the  weight 
of  the  iron,  that  heat  cannot  be  conducted  away  sufficiently  fast 
to  prevent  elevation  of  temperature  to  a  point  at  which  the  whole 
becomes  incandescent.  In  the  slow  rusting  of  iron,  escape  of 
heat  occurs,  but  is  not  observed,  because  spread  over  a  length  of 
time ;  in  the  spontaneous  ignition  of  reduced  iron  the  whole  is 
evolved  at  one  moment. 

Note  II. — The  student  having  time  and  opportunity  for  the 
experiment  is  advised  to  make  this  seventeenth  reaction  a  roughly 
quantitative  one,  by  way  of  realizing  what  has  been  stated  (see, 
again,  the  General  Principles  of  Chemical  Philosophy,  pp.  28-54) 
respecting  the  action  of  chemical  force  on  definite  weights  only 
of  matter.  Three  tubes,  similar  to  the  oxide-tube  shown  in  the 
engraving,  should  be  prepared,  the  second  being  connected  to  the 
first  and  the  third  to  the  second  by  india-rubber  tubing  in  the 
usual  manner.  The  first  tube  should  contain  pieces  of  chloride 
of  calcium  to  absorb  any  traces  of  moisture  not  retained  by  the 
sulphuric  acid.  The  second  tube  (the  ends  of  the  small  tube 
being  temporarily  closed  by  small  corks)  should  be  weighed  in 
any  ordinary  scales  which  will  turn  with  a  quarter  of  or  half  a 
grain,  and,  the  weight  being  noted,  160  grains  of  dry  ferric  oxide 
should  be  neatly  placed  in  the  middle  of  the  tube.  (The  oxide 
must  be  previously  gently  heated  in  a  small  crucible  over  a  lamp 
to  remove  all  traces  of  moisture.)  The  third  tube  should  contain 
pieces  of  chloride  of  calcium  to  absorb  the  water  produced  in  the 
reaction,  and  just  before  being  connected  should  be  weighed. 
The  operation  is  now  carried  out.    At  its  close,  and  when  the 
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middle  tube  is  cold,  the  latter  tube  and  the  third  tube  are  again 
weighed.  The  oxide-tube  should  weigh  48  grains  less  than 
before,  and  the  terminal  tube  54  grains  more  than  before. 

re,03    -f    311,    =    Ee,    +  3H,0 

112  +  48  =  160      6  112  54 

The  operation  is  more  quickly  and  easily  performed  if  one  half  or 
one  quarter  of  the  weight  of  oxide  be  taken  ;  in  that  case  one 
half  or  one  quarter  of  the  weights  of  iron  and  of  water  will  be 
obtained.  Indeed  any  weight  of  oxide  may  be  employed ;  the 
amount  of  iron  and  water  resulting  will  be  always  exactly  pro- 
portionate to  the  weights  just  mentioned.  Thus  16  parts  of  oxide 
yield  11*2  of  iron  and  5*4  of  water.  Iron,  hydrogen,  and  oxygen 
always  combine  in  proportions  of  56,  1,  and  16  respectively ; 
hence  our  justification  for  agreeing  that  the  symbol  Pe  shall 
stand  for  56  parts  by  weight  of  iron,  H  for  1  part  by  weight  of 
hydrogen,  and  0  for  16  parts  by  weight  of  oxygen. 

(6)  Reactions  having  Analytical  Interest  {Tests), 
(The  iron  occurring  as  a  ferrous  salt.) 

First  Analytical  Reaction. — Pass  sulphuretted  hydrogen  (H^S) 
through  a  solution  of  a  ferrous  salt  {e.  g.  ferrous  sulphate)  slightly 
acidulated  by  hydrochloric  acid  ;  no  precipitate  occurs. 

This  is  a  valuable  negative  fact,  as  will  be  evident  presently. 

Second  Analytical  Reaction, — Add  sulphydrate  of  ammonium 
(NH^HS)  to  solution  of  a  ferrous  salt ;  a  black  precipitate  of  fer- 
rous sulphide  (FeS)  falls. 

FeSO^  +  2AmHS  =  PeS  +  Am.^SO^  +  H^S. 

I      Third  Analytical  Reaction. — Add  solution  of  ferrocyanide  of 

potassium  (yellow  prussiate  of  potash),  K^Pe"Cyg,  or  K^Pcy"", 

I  to  solution  of  a  ferrous  salt ;  a  precipitate  (K^Pe'Tcy)  falls,  at 

I  first  white  or  bluish  grey,  but  rapidly  becoming  blue,  owing  to 

absorption  of  oxygen. 

Fourth  Analytical  Reaction. — To  solution  of  a  ferrous  salt  add 

i  ferridcyanide  of  potassium  (red  prussiate  of  potash),  K^Pe'^^Cyj,, 

I 
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or  KgFdcy;  a  precipitate  (re"3Fdcy)  resembling  prussian  blue 
(Turnbull's  Blue)  is  thrown  down. 

Other  Analytical  Reactions. — The  precipitates  produced  from 
ferrous  solutions  on  the  addition  of  alkaline  carbonates,  phos- 
phates, and  arseniates,  as  already  described  in  the  synthetical 
reactions  of  ferrous  salts,  are  characteristic,  and  hence  have  a 
certain  amount  of  analytical  interest,  but  are  inferior  in  this 
respect  to  the  four  reactions  above  mentioned. 

Note. — The  alkalies  (solution  of  potash,  soda,  or  ammonia)  are 
incomplete  precipitants  of  ferrous  salts,  and  are  therefore  almost 
useless  as  tests.  To  solution  of  a  ferrous  salt  add  ammonia 
(NH^HO) ;  on  filtering  and  testing  with  sulphydrate  of  ammo- 
nium, iron  will  still  be  found  in  the  solution.  To  another  por- 
tion of  the  ferrous  solution  add  a  few  drops  of  nitric  acid  and 
boil ;  this  converts  the  ferrous  into  ferric  salt,  and  now  alkalies 
will  wholly  remove  the  iron,  as  already  twice  seen  during  the 
performance  of  the  synthetical  experiments. 

In  actual  analysis,  the  separation  of  iron  as  ferric  hydrate  is  an 
operation  of  frequent  performance.  This  is  always  accomplished 
by  the  addition  of  alkali,  and,  if  the  iron  occurs  as  a  ferrous  salt, 
by  previous  ebullition  with  a  little  nitric  acid.  Ferrocyanide  and 
ferridcyanide  of  potassium  are  the  reagents  used  in  distinguishing 
ferrous  from  ferric  salts. 

(The  iron  occurring  as  a  ferric  salt.) 

SixtJi  Analytical  Reaction. — Through  a  ferric  solution  (ferric 
chloride  e.  g.)  pass  sulphuretted  hydrogen ;  a  white  precipitate 
of  the  sulphur  of  the  sulphuretted  hydrogen  falls,  and  the  ferric 
is  reduced  to  a  ferrous  salt,  the  latter  remaining  in  solution. 
This  reaction  is  of  frequent  occurrence  in  practical  analysis. 

2Fe,Cl,  +  2H,S  =  4reCl,  +  4HC1  +  S,. 
Seventh  Analytical  Reaction. — Add  sulphydrate  of  ammonium 
to  a  ferric  solution;  the  latter  is  reduced  to  the  ferrous  state, 
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and  black  ferrous  sulphide  (FeS)  is  precipitated  as  in  the  second 
analytical  reaction,  sulphur  being  set  free. 

Eighth  Analytical  Reaction, — To  a  ferric  solution  add  ferro- 
cyanide  of  potassium  (K^FeCyg,  or  K^Fcy"")  ;  a  precipitate  of 
Prussian  blue  (the  common  pigment)  occurs  (re'"^3Fe"Cyg,  or 
Pe"',rcy""3). 

Ninth  Analytical  Beaction, — To  a  ferric  solution  add  solution 
of  ferridcyanide  of  potassium ;  no  precipitate  occurs,  but  the 
liquid  is  darkened  to  a  greenish  or  olive  hue,  according  to  the 
strength. 

Te^ith  Analytical  Beaction, — This  is  the  production  of  a  red 
precipitate  of  ferric  hydrate,  on  the  addition  of  alkalies  to  ferric 
salts,  and  is  identical  with  the  twelfth  synthetical  reaction. 

Note. — This  reaction  illustrates  the  conventional  character  of 
the  terms  synthesis  and  analysis.  It  is  of  equal  importance  to 
the  manufacturer  and  the  analyst,  and  is  synthetical  or  analytical 
according  to  the  intention  with  which  it  is  performed. 

Other  ferric  reactions  have  occasional  analytical  interest.  In 
neutral  ferric  solutions  the  tannic  acid  in  aqueous  infusion  of  galls 
occasions  a  bluish-black  inky  precipitate,  the  basis  of  most  black 

writing-inks.  (The  Mistura  Ferri  Aromatica  of  the  British 

Pharmacopoeia,  made  by  digesting  metallic  iron  in  an  infusion  of 
various  vegetable  substances,  contains  tannate,  or  rather  tannates 
of  iron ;  it  is  commonly  known  in  Ireland  by  the  name  of  Heber- 
den's  Ink,  after  the  physician  by  whom  it  was  first  used.  It 

contains  about  1  grain  of  iron  in  1  pint.)  Sulphocyanate  of 

Potassium  (KCyS)  causes  the  formation  of  ferric  sulphocyanate, 
which  is  of  a  deep  blood-red  colour.  There  is  no  ferric  car- 
bonate ;  alkaline  carbonates  cause  the  precipitation  of  ferric  hy- 
drate, while  carbonic  acid  gas  escapes. 

Note. — Cyanogen  (CN,  or  Cy'),  ferro-cyanogen  (EeCg!N"g,  or 
FeCyg,  or  simply  Ecy""),  and  ferridcyanogen  (Fe^CVja?  or  Edcy^^) 
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are  radicals  "whicli  play  the  part  of  non-metallic  elements,  just 
as  ammonium  in  its  chemical  relations  resembles  the  metallic 
elements.    They  will  be  again  referred  to. 

Memorandum, — The  reader  must  on  no  account  omit  to  write 
out  equations  or  diagrams  expressive  of  each  of  the  reactions  of 
iron,  analytical  as  well  as  synthetical.  It  is  presumed  that  this 
has  already  been  done  immediately  after  each  reaction  has  been 
performed. 


DIKECTIONS  POE  APPLTHsTG  THE  FOEEGOIKG  ANALYTICAL  EEACTIONS  TO 
THE  ANALYSIS  OE  AN  AQUEOUS  SOLUTION  OE  SALTS  CONTAINING 
ONE  OE  THE  METALS,  ZiNC,  AlUMINIUM,  IkON. 

Add  solution  of  ammonia  gradually  : — 

A  dirty-green  precipitate  indicates  iron  in  the  state  of  a  fer- 
rous salt. 

A  red  precipitate  indicates  iron  in  the  state  of  a  ferric  salt. 
A  white  precipitate,  insoluble  in  excess,  indicates  the  presence 
of  an  aluminium  salt. 

A  white  precipitate,  soluble  in  excess,  indicates  zinc. 

These  results  may  be  confirmed  by  the  application  of  some  of 
the  other  tests  to  fresh  portions  of  the  solution. 


TAELE  OE  SHOET  DIEECTIONS  EOE  APPLYING  THE  EOEEGOING  ANALY- 
TICAL EEACTIONS  TO  THE  ANALYSIS  OE  AN  AQUEOUS  SOLUTION  OE 
SALTS  OE  ONE,  TWO,  OR  ALL  THREE  OE  THE  METALS,  ZiNC,  | 

Aluminium,  Ieon.  j 

Eoil  about  half  a  test-tubeful  of  the  solution  with  a  few  drops 
of  nitric  acid.    This  insures  the  conversion  of  ferrous  into  ferric  ' 
salts,  and  enables  the  next  reagent  (ammonia)  completely  to  ! 
precipitate  the  iron.    Add  excess  of  ammonia,  and  shake  the  j 
mixture.  Pilter. 
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Mydim  Tki  r.Q  Tfi 
X  1  t/OipiLicLLt/ 

Al  Pe* 

Dissolve  in  HCl,  add  excess  of  KHO, 
stir,  filter. 

Filtrate 
Zn. 

Test  by  AmHS 
(white  ppt.). 

Ppt. 
Ee 
(red  ppt.). 

Filtrate 
Al. 

iN'eutralize  by  HCl,  and 
add  excess  of  AmHO  t 
(white  ppt.). 

Note  I. — If  iron  is  present,  portions  of  the  original  solution 
must  be  tested  by  ferridcyanide  of  potassium  for  ferrous,  and  by 
ferrocyanide  for  ferric  salts;  dark-blue  precipitates  with  both 
indicate  both  salts. 

Note  II. — If  no  ferrous  salt  is  present,  ebullition  with  nitric 
acid  is  unnecessary.  It  is,  perhaps,  therefore  advisable  always 
to  determine  this  point  by  previously  testing  a  little  of  the  ori- 
ginal solution  with  ferridcyanide ;  if  no  blue  precipitate  occurs, 
the  nitric-acid  treatment  may  be  omitted. 

Chart  por  all  Metals  hitherto  considered. 

The  following  Table  (vide  p.  175)  is  perhaps  the  best,  but 
not  the  only  adaptation  of  the  ordinary  reactions  to  syste- 
matic analysis.  It  is  little  else  than  the  addition  of  the  analy- 
tical scheme  for  the  third  group  to  that  of  the  first  two  groups. 

^  The  ahiminium  precipitate  (AL^GHO)  is  white,  the  iron  (Fe^6H0)  red. 
If  the  precipitate  is  red,  iron  must  be  and  aluminium  may  be  present ;  if 
white,  iron  is  absent,  and  further  operation  on  the  precipitate  unnecessary. 

This  precipitate  (Al^GHO  and  FcgGHO)  may  also,  if  sufficient  is  at 
disposal,  be  analyzed  by  simply  well  shaking  a  washed  portion  in  a  tube 
with  solution  of  potash  or  soda ;  the  hydrate  of  iron  is  not  thereby  affected 
while  the  hydrate  of  aluminium  is  dissolved,  and  may  be  detected  in  the 
clear  decanted  fluid  by  neutrahzing  all  alkali  by  a  httle  excess  of  acid,  and 
then  adding  excess  of  ammonia. 

t  Alumina,  when  in  small  quantity,  is  sometimes  prevented  from  being 
precipitated  by  ammonia  through  the  presence  of  organic  matter  derived 
from  the  filter-paper  by  action  of  the  potash.  In  cases  of  doubt,  therefore, 
before  adding  ammonia  boil  the  liquid  with  a  little  nitric  acid,  which  de- 
stroys any  organic  matter. 
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As  before,  analysis  is  commenced  by  the  addition  of  chloride  of 
ammonium  (I^H^Cl)  to  prevent  partial  precipitation  of  magnesium, 
and  ammonia  (ifH^HO)  to  neutralize  any  acid.  The  latter  would 
attack  the  chief  group -precipitant,  sulphjdrate  of  ammonium 
(N'H^HS),  preventing  its  useful  action,  and  causing  a  precipitation 
of  the  free  sulphur  it  commonly  contains. 

Note. — When  a  test  gives  no  reaction,  absence  of  the  body 
sought  may  be  fairly  inferred.  If  a  group -test  (that  is,  a  test 
which  precipitates  a  group  of  substances)  gives  no  reaction,  the 
analyst  is  saved  the  trouble  of  looking  for  any  of  the  members 
of  that  group. 


QUESTIOJ^^S  AISTD  EXEECISES. 

206.  IN'ame  the  chief  ores  of  iron. 

207.  How  is  the  metal  obtained  from  the  ores  ? 

208.  What  is  the  chemical  difference  between  cast  iron,  wrought 
iron,  and  steel  ? 

209.  Explain  the  process  of  '  welding.' 

210.  What  is  the  nature  of  chalybeate  waters  ? 

211.  Illustrate  by  formulae  the  difference  between  ferrous  and 
ferric  salts. 

212.  Under  what  different  circumstances  may  the  atom  of  iron 
be  considered  to  exert  bivalent,  trivalent,  and  sexivalent  activity? 

213.  Write  a  paragraph  on  the  nomenclature  of  iron  salts. 

214.  Give  a  diagram  of  the  official  process  for  the  preparation 
of  ferrous  sulphate. 

215.  In  what  respects  do  the  official  Sulphate  of  Iron,  Granu- 
lated Sulphate  of  Iron,  and  Dried  Sulphate  of  Iron  differ  ? 

216.  How  is  ferrous  sulphate  obtained  on  the  large  scale? 

217.  Mention  the  chemical  names  of  white,  green,  and  blue 
vitriol. 

218.  Why  does  ferrous  sulphate  become  brown  by  prolonged 
exposure  to  air  ? 

219.  Give  a  diagram  showing  the  formation  of  Ferrous  Car- 
bonate. 

220.  Describe  the  action  of  atmospheric  oxygen  on  ferrous 
carbonate ;  can  the  effect  be  prevented  ? 

221.  In  what  order  would  you  mix  the  ingredients  of  Mistura 
Ferri  Composita,  and  why  ? 

222.  Write  out  an  equation  illustrative  of  the  formation  of  the 
official  phosphate  of  Iron. 
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223.  "Why  is  acetate  of  sodium  used  in  the  preparation  of 
ferrous  phosphate? 

224.  Which  four  compounds  of  iron  may  he  formed  hy  the 
direct  union  of  their  elements  ? 

225.  Give  the  official  method  for  the  preparation  of  Solution 
of  Eerric  Chloride. 

226.  Of  what  use  is  the  spirit  in  Tincture  of  Perchloride  of 
Iron? 

227.  How  may  Ferrous  be  converted  into  Eerric  Sulphate  ? 

228.  What  is  the  formula  of  Eerric  Acetate  ?  and  how  is  it 
prepared  for  use  in  pharmacy  ? 

229.  Express,  by  formulae,  the  difference  between  Ferri  Per- 
oooidum  Humidum,  B.  P.,  and  Ferri  Peroxidum  Hydratum,  B.  P. 

230.  How  does  Eerric  Hydrate  act  as  an  antidote  to  arsenic  ? 

231.  What  are  the  properties  of  anhydrous  ferric  oxide  ? 

232.  What  are  the  general  characters  and  mode  of  production 
of  the  medicinal  scale  preparations  of  iron  ? 

233.  In  what  state  is  the  iron  in  Vinum  Ferri,  B.  P.  ? 

234.  What  other  form  of  Wine  of  Iron  is  official  ? 

235.  Give  equations  illustrating  the  chief  steps  in  the  artificial 
production  of  the  so-called  Magnetic  Oxide  of  Iron. 

236.  How  is  precipitated  magnetic  oxide  of  iron  distinguished 
from  the  varieties  made  directly  from  the  metal  ? 

237.  Why  is  magnetic  oxide  of  iron  officially  directed  to  be 
dried  at  a  temperature  not  exceeding  120°  Eahr.  ? 

238.  Give  a  diagram  showing  the  formation  of  Eerric  Mtrate. 

239.  Work  out  a  sum  showing  how  much  anhydrous  ferric 
oxide  will  yield,  theoretically,  one  hundredweight  of  iron.  Ans. 
160  lbs. 

240.  Give  the  characteristic  tests  for  iron,  distinguishing  be- 
tween ferrous  and  ferric  reactions,  and  illustrating  each  by  an 
equation  or  a  diagram  : — 

a.  Sulphydrate  of  ammonium. 
h.  Eerrocyanide  of  potassium. 

c.  Eerridcyanide  of  potassium. 

d.  Caustic  alkalies. 

e.  Sulphocyanate  of  potassium. 

241.  Describe  the  action  of  ammonia  on  salts  of  iron,  alumi- 
nium, and  zinc  respectively. 

242.  What  precautions  must  be  used  in  testing  for  calcium  in 
the  presence  of  iron  ? 

243.  How  is  magnesium  detected  in  the  presence  of  zinc  ? 

244.  How  is  aluminium  detected  in  presence  of  magnesium  ? 
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245.  Draw  up  a  scheme  for  the  analysis  of  an  aqueous  liquid 
containing  salts  of  iron,  barium,  and  potassium. 

246.  How  may  zinc,  magnesium,  and  ammonium  be  consecu- 
tively removed  from  aqueous  solution  ? 


AESENICUM,  ANTIMONY. 

These  two  elements  resemble  metals  in  appearance  and  in  the 
character  of  some  of  their  compounds  ;  but  they  are  still  more 
closely  allied  to  the  non-metals,  especially  to  phosphorus  and 
nitrogen.  They  are  quinquivalent  (As^,  Sb^),  as  seen  in  arsenic 
anhydride  (As^O,)  and  pentachloride  of  antimony  (SbCL),  but 
usually  exert  trivalent  activity  only  (As"^,  Sb"^),  as  seen  in  the 
hydrogen  and  other  compounds  (AsHg,  AsClg,  AsBrg,  Aslg).  A 
few  preparations  of  these  elements  are  used  in  medicine ;  but 
all  are  more  or  less  powerful  poisons,  and  hence  have  considerable 
toxicological  interest. 

Arsenicum  is  an  exception  to  the  rule  that  the  atomic  weights 
(taken  in  grains,  grammes,  or  other  weight)  of  elements,  under 
similar  circumstances  of  temperature  and  pressure,  give  equal 
volumes  of  vapour,  the  equivalent  weight  (75)  of  arsenicum  only 
occupying  half  such  a  volume.  Hence  while  the  molecular 
weights  (that  is,  double  the  atomic  weights)  of  oxygen  (02=32), 
hydrogen  (H2  =  2),  nitrogen  (^2  =  28),  etc.  give  a  similar  bulk 
of  vapour  at  any  given  temperature  and  pressure,  the  double 
atomic  weight  of  arsenicum  (As2=150),  at  the  same  temperature 
and  pressure,  only  affords  half  this  bulk.  It  would  appear,  there- 
fore, that  the  molecule  of  arsenicum  contains  four  atoms,  and  that 
its  formula  is  As^.  As  in  the  case  of  sulphur,  however,  arsenicum, 
in  the  state  ordinarily  known  to  us,  may  be  abnormal,  and  a 
variety  yet  be  found  in  which  the  molecular  weight  is  double 
(instead  of  quadruple)  the  atomic  weight. 

From  observed  analogy  between  the  two  metals,  the  molecular 
constitution  of  antimony  is  probably  similar  to  that  of  arsenicum. 

ARSENICUM. 

Symbol  As.    Atomic  weight  75. 

Sources, — Arsenical  ores  are  frequently  met  with  in  nature, 
the  commonest  being  the  arsenio-sulphide  of  iron  (FeSAs).  This 
mineral  is  roasted  in  a  current  of  air,  the  oxygen  of  which,  com- 
bining with  the  arsenicum,  forms  common  white  arsenic  (As^Og) 
{Aciclum  Arseniosum,  B.  P.),  which  is  condensed  in  chambers  or 
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long  flues.  It  commonly  "  occurs  as  a  heavy  white  powder,  or  in 
sublimed  masses,  which  usually  present  a  stratified  appearance, 
caused  by  the  existence  of  separate  layers,  differing  from  each 
other  in  degrees  of  opacity."  The  vitreous  or  amorphous  arsenic 
is  far  more  soluble  than  the  crystalline  variety,  and  in  other  re- 
spects they  differ  in  properties.  Such  differences  between  the 
crystalline  and  amorphous  varieties  of  an  element  or  compound 
are  not  unfrequent :  they  have  not  yet  been  satisfactorily  ex- 
plained. Realgar  (red  algar)  is  the  red  native  sulphide  (As^S^), 
and  orpiment  (auripigmentum,  the  golden  pigment)  the  yellow 
native  sulphide  (As^Sg)  of  arsenicum. 

Eeactions  HAviiN^a  (a)  Synthetical  aistd  (h)  Ai^alytical 
Ikteeest. 

(a)  Heactions  having  Synthetical  Interest, 
Alkaline  Solution  of  Arsenic. 
First  Synthetical  Reaction. — Boil  a  grain  or  two  of  powdered 
arsenic  (As^Og)  in  water  containing  a  little  carbonate  of  potas- 
sium, and,  if  necessary,  filter.  The  solution,  coloured  with  com- 
pound tincture  of  lavender,  and  containing  4  grains  of  arsenic 
per  ounce,  forms  the  Liquor  Arsenicalis,  B.  P.  (Fowler's  Solution), 

Note. — This  official  solution  does  not  generally  contain  arsenite 
of  potassium ;  for  the  arsenic  does  not  decompose  the  carbonate 
of  potassium,  or  only  after  long  boiling.  From  concentrated 
solutions  carbonic  acid  gas  is  more  quickly  eliminated. 

Arsenious  Acid  and  other  Arsenites. 

Arsenic,  or  arsenious  anhydride  (the  so-called  arsenious  acid), 
when  dissolved  in  water  is  said  to  yield  true  arsenious  acid 
(HgAsOg),  the  arsenite  of  hydrogen. 

As,03    -f-   SHp   =  2H3ASO3 

Arsenious  anhydride.    Water.  Arsenious  acid. 

"When  arsenic  is  dissolved  in  excess  of  solutions  of  potash  or 
soda,  arsenites  are  formed  having  the  formulae  KH^AsOg  and 
I^aHgAsOg.  Boiled  with  excess  of  arsenic  one  molecule  of  these 
salts  combines  with  one  of  the  arsenic.  The  usual  character  of 
such  compounds  is  that  of  oily  alkaline  liquids. 
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Arsenic  fused  with  alkaline  carbonates  yields  pyroarseniates 
(Na^As^O^  or  K^As^O^)  and  metallic  arsenicum.  Arsenites  have 
the  general  formula  E'gAsOg. 

Acid  Solution  of  Arsenic. 

Second  Syntlietical  Reaction. — Boil  arsenic  with  dilute  hydro- 
chloric acid.  Such  a  solution  made  with  prescribed  proportions 
of  acid  and  water,  and  containing  4  grains  of  arsenic  (As^Og) 
per  ounce,  forms  the  Liquor  Arsenici  HydrocJiloricus^  B.  P.  (De 
Valangin^s  Solution  contained  a  grain  and  a  half  per  ounce.) 

Note. — ISTo  decomposition  occurs  in  this  experiment.  The  liquid 
is  simply  a  solution  of  arsenic  in  dilute  hydrochloric  acid.  These 
two  solutions  may  be  preserved  for  analytical  operations. 

Mem. — The  practical  student  should  boil  arsenic  in  water  only, 
and  thus  have  an  acid,  alkaline,  and  aqueous  solution  for  analy- 
tical comparison. 

Arsenicum. 

Third  Syntlietical  Reaction. — Place  a  grain  or  less  of  arsenic 
at  the  bottom  of  a  narrow  test-tube,  cover  it  with  about  half  an 
inch  or  an  inch  of  small  fragments  of  dry  charcoal,  and  hold  the 
tube,  nearly  horizontally,  in  a  flame,  the  mouth  being  loosely 
covered  by  the  thumb.  At  first  let  the  bottom  of  the  tube  pro- 
ject slightly  beyond  the  flame,  so  that  the  charcoal  may  become 
nearly  red-hot ;  then  heat  the  bottom  of  the  tube.  The  arsenic 
will  sublime,  become  deoxidized  by  the  charcoal,  carbonic  oxide 
being  formed,  and  arsenicum  deposited  in  the  cool  part  of  the 
tube  as  a  dark  mirror-like  metallic  incrustation. 

There  is  a  characteristic  odour,  resembling  garlic,  emitted 
during  this  operation,  probably  due  to  a  partially  oxidized  trace 
of  arsenicum  which  escapes  from  the  tube ;  for  arsenic  does  not 
give  this  odour;  moreover,  arsenicum  being  a  freely  oxidizable 
element,  its  vaporous  particles  could  scarcely  exist  in  the  air  ni 
an  entirely  unoxidized  state. 
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Metallic  arsenicum  may  be  obtained  in  large  quantities  by  tbe 
above  process  if  the  operation  be  conducted  in  vessels  of  com- 
mensurate size.  But  performed  with  great  care,  in  narrow  tubes, 
using  not  charcoal  alone,  but  hlacPc  flux  (a  mixture  of  charcoal 
and  carbonate  of  potassium  obtained  by  heating  acid  tartrate  of 
potassium  in  a  test-tube  or  other  closed  vessel  till  no  more  fumes 
are  evolved),  the  reaction  has  considerable  analytical  interest,  the 
garlic  odour  and  the  formation  of  the  mirror-like  ring  being 
highly  characteristic  of  arsenicum.  Compounds  of  mercury  and 
antimony,  however,  give  sublimates  which  may  be  mistaken  for 
arsenicum. 

Arsen'ic  Acid  and  other  Arseniates. 

Fourth  Synthetical  Reaction, — Boil  a  grain  or  two  of  arsenic 
with  a  few  drops  of  nitric  acid  until  red  fumes  cease  to  be 
evolved ;  evaporate  the  solution  in  a  small  dish  to  dryness,  to 
remove  excess  of  nitric  acid  ;  dissolve  the  residue  in  water  :  the 
product  is  Arsen'ic  acid  (HgAsO^). 

Arsenic  acid,  when  strongly  heated,  loses  the  elements  of 
water,  and  arsenic  anhydride  remains  (As^O.). 

Arsenic  anhydride  readily  absorbs  water  and  becomes  arsenic 
acid  (H^AsO^).  Arsenic  acid  is  readily  reduced  to  arsenious  by 
the  action  of  reducing  agents,  such  as  sulphurous  acid  (HgAsO^-f- 
H,S03  =  H3ASO3  +  H^SO,). 

Salts  analogous  to  arsenic  acid,  the  arseniate  of  hydrogen,  are 
termed  arseniates,  and  have  the  general  formula  E'gAsO^.  The 
ammonium  arseniate  (Am^HAsO^)  may  be  made  by  neutralizing 
arsenic  acid  with  ammonia.    Its  solution  in  water  forms  a  useful 

reagent.  Arsenic  acid  is  used  as  an  oxidizing  agent  in  the 

manufacture  of  the  well-known  dye,  magenta. 

Arsenite  and  arseniate  of  sodium  are  used  in  the  cleansing- 
operations  of  the  calico-printer. 


Pyroarseniate  and  Arseniate  of  Sodium. 

Fifth  Synthetical  Reaction. — Fuse  two  or  three  grains  of  com- 
mon white  arsenic  (As^Og)  with  nitrate  of  sodium  (NaNOg)  and 
dried  carbonate  of  sodium  (I^a^COg)  in  a  porcelain  crucible,  and 
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dissolve  the  mass  in  water;  solution  of  arseniate  of  sodium 
(I^a^HAsOJ  results. 


As^03  +  +  ^^a^COg 

Arsenic.  !N"itrate  of  Carbonate 

sodium.  of  sodium. 


=  Na,As,0,  +  +  CO, 

Pyroarseniate        Nitrous  Carbonic 
of  sodium.        anhydride,     acid  gas. 


The  official  proportions  are  10  of  arsenic  to  8^  of  nitrate  of 
sodium  and  5^  of  dried  carbonate,  each  powdered,  the  whole  well 
mixed,  fused  in  a  crucible  at  a  red  heat  till  effervescence  ceases, 
and  the  liquid  poured  out  on  a  slab.  The  product  is  pyroarse- 
niate of  sodium  (Na^As^O^).  Dissolved  in  water,  crystallized,  and 
dried,  the  salt  has  the  formula  l^a^HAsO^,  TH^O  {Sodoe  Arsenias, 
B.  P.)  (Sodii  Arsenias,  U.  S.  P.). 

^^-a.As^O,    +    15H,0   =    2(]vra,HAsO„  7H,0). 

Heated  to  300°  F.  the  crystals  lose  all  water.  A  solution  of 
4  grains  of  the  anhydrous  salt  (J^a^HAsO^)  in  1  ounce  of  water 
forms  the  Liquor  Sodoe  Arseniatis,  B.  P.  The  anhydrous  salt  is 
used  in  this  preparation  because  the  crystallized  is  of  somewhat 
uncertain  composition.  The  fresh  crystals  are  represented  by 
the  formula  J^a^HAsO^,  I2H2O  (  =  53-7  per  cent,  of  water) ; 
these  soon  effloresce  and  yield  a  stable  salt  having  the  formula 
J^a^HAsO^,  TH^O  (=40-4  per  cent,  of  water).  To  avoid  the 
possible  employment  of  a  mixture  of  these  bodies,  the  invariable 
anhydrous  salt  is  officially  used,  constancy  in  the  strength  of  a 
powerful  preparation  being  thereby  secured. 

The  student  will  find  useful  practice  in  verifying  the  above 
numbers  representing  the  centesimal  proportion  of  water  in  the 
two  arseniates  of  sodium.  This  will  readily  be  accomplished  if 
what  has  already  been  stated  respecting  a  symbol  representing  a 
number  as  well  as  a  name,  and  the  remarks  concerning  molecular 
weight,  be  remembered. 

The  shape  of  each  of  the  two  varieties  of  arseniate  of  sodium 
(Na.HAsO^,  I2H2O,  and  Na^HAsO,,  TH^O)  is  identical  with 
that  of  the  corresponding  phosphate  of  sodium  (Na^HPO^, 
I2H2O,  and  Na^HPO^,  TH^O) ;  the  structure  of  the  molecule  of 
the  12-arseniate  is  the  same  as  that  of  the  12-phosphate,  and  the 
7 -arseniate  as  that  of  the  7-phosphate ;  the  two  former  are 
isomorphous,  the  two  latter  are  isomorphous.  This  is  only  one 
instance  of  the  strong  analogy  of  arsenicum  and  its  compounds 
with  phosphorus  and  its  corresponding  compounds.  The  prepa- 
ration and  characters  of  the  next  substance,  arseniate  of  iron, 
will  remind  the  learner  of  phosphate  of  iron. 
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Arseniate  of  Iron.   Ferrous  Arseniate. 

Sixth  Synthetical  Reaction. — To  solution  of  arseniate  of  sodium 
add  a  little  acetate  of  sodium  and  then  solution  of  ferrous  sul- 
phate ;  a  precipitate  of  ferrous  arseniate  occurs  (re32AsO^)  {Ferri 
Arsenias,  B.  P.).  On  the  large  scale  4  parts  of  dried  arseniate 
and  3  of  acetate  dissolved  in  40  of  water,  mixed  with  9  of  sul- 
phate in  60  of  water,  may  be  employed.  The  precipitate  should 
be  collected  on  a  calico  filter,  washed,  squeezed,  and  dried  at  a 
low  temperature  (100°  F.)  over  a  water-bath  to  avoid  excessive 
oxidation. 

2Na,HAsO,  +  2NaC,H30,  +  3FeS0^  =  Ee32AsO,  + 

Arseniate  of  Acetate  of  Ferrous  Ferrous 

sodium.  sodium.  sulphate.  arseniate. 

3]N"a,S0,  +  2HC,H30,. 

Sulphate  of  Acetic  acid, 

sodium. 

The  use  of  the  acetate  of  sodium  is  to  insure  the  absence  of  free 
sulphuric  acid  in  the  solution — sulphate  of  sodium  being  formed 
together  with  acetic  acid.  Sulphuric  acid  is  a  solvent  of  ferrous 
arseniate ;  acetic  acid  is  not.  It  is  impossible  to  prevent  the 
separation  of  sulphuric  acid,  if  only  ferrous  sulphate  and  arseniate 
of  sodium  be  employed. 

At  the  instant  of  precipitation  ferrous  arseniate  is  white,  but 
rapidly  becomes  of  a  green  or  greenish-blue  colour  owing  to 
absorption  of  oxygen  and  formation  of  a  ferroso-ferric  arseniate. 
It  is  a  tasteless  amorphous  powder,  soluble  in  acids. 


The  Hydride  and  Sulphides  of  Arsenicum,  and  the  Arsenites 
and  Arseniates  of  Copper  aud  of  Silver,  are  mentioned  in  the 
following  analytical  paragraphs. 

(b)  Reactions  having  Analytical  Interest  (Tests), 
First  Analytical  Reaction. — Eepeat  the  third  synthetical  reac- 
tion, operating  on  not  more  arsenic  than  has  about  the  bulk  of  a 
small  pin's  head,  and  using  not  charcoal  alone,  but  hlack  jinx  (a 
mixture  of  charcoal  and  carbonate  of  potassium  obtained  by  heat- 
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ing  acid  tartrate  of  potassium  in  a  test-tube  or  other  nearly  closed 
vessel  till  fumes  cease  to  be  evolved).  The  tube  employed  should 
be  a  narrow  test-tube,  or,  better,  a  tube  (easily  made  from  glass 
tubing)  having  the  following  (Berzelius's)  form  : — 


Fig,  33. 


The  arsenic  and  black  flux  are  placed  in  the  bulb  of  the  tube, 
which  is  then  heated  in  a  flame ;  the  arsenicum  condenses  on  the 
constricted  portion  of  the  tube.  If  now  the  bulb  be  carefully 
fused  off  in  a  flame,  the  arsenicum  may  be  chased  up  and  down 
the  narrower  part  of  the  tube  until  the  air  in  the  tube  has  re- 
oxidized  it  to  arsenious  anhydride. 

If  the  operation  has  been  performed  in  a  less  delicate  manner 

in  an  ordinary  test-tube,  cut  or  break  off  portions  of  the  tube 

containing  the  sublimate  of  arsenicum,  put  them  into  a  test-tube 

and  heat  the  bottom  of  the  latter,  holding  it  nearly  horizontally, 

and  partially  covering  the  mouth  with  the  finger  or  thumb  ;  the 

arsenicum  (As^)  will  absorb  oxygen  from  the  air  in  the  tube,  and 

the  resulting  arsenious  anhydride  (As^Og)  be  deposited  on  the 

cool  part  of  the  tube  in  brilliant  transparent,  generally  imperfect, 

octahedral  crystals. 

Fig.  34.  Fig.  34  a. 


A  sublimate  of  arsenic  (magnified).        A  perfect  octahedron. 


ISi  THE  METALLIC  RADICALS. 

Microscopic  Test. — Prove  that  the  crystals  are  identical  in  form 
with  those  of  common  white  arsenic,  by  heating  a  grain  or  less 
of  the  latter  in  another  test-tube,  examining  the  two  sublimates 
by  a  good  lens  or  compound  microscope. 

The  appearance  of  a  sublimate  of  arsenic  is  peculiar  and  quite 
characteristic.  The  primary  form  of  each  crystal  is  an  octahedron 
(o/crw,  oJcto,  eight ;  edpa,  hedra,  side)  (fig,  34  a),  or,  rarely,  a 
tetrahedron,  and  in  a  sublimate  a  few  perfect  oetahedra  are 
generally  present.  Usually,  however,  the  crystals  are  modifica- 
tions of  oetahedra  such  as  are  shown  in  fig.  34 — which  is 
drawn  from  actual  sublimates. 

Second  Analytical  jReaction. — Place  a  thin  piece  of  copper,  about 
a  quarter  inch  wide  and  half  inch  long,  in  a  solution  of  arsenic, 
acidified  by  hydrochloric  acid,  and  boil  (nitric  acid  must  not 
be  present,  or  the  piece  of  metal  will  be  dissolved)  ;  arsenicum  is 
deposited  on  the  copper  in  a  metallic  condition,  an  equivalent 
portion  of  copper  going  into  solution.  Pour  off  the  supernatant 
liquid  from  the  copper,  wash  the  latter  once  or  twice  with  water, 
dry  the  piece  of  metal  by  holding  in  the  fingers  and  passing 
through  a  flame,  and  finally  place  it  at  the  bottom  of  a  clean  dry 
narrow  test-tube  or  a  Berzelius  tube ;  sublime  as  described  in  the 
last  reaction,  again  noticing  the  form  of  the  resulting  crystals. 

This  is  commonly  known  as  Reinsch's  test  for  arsenicum. 
The  tube  may  be  reserved  for  subsequent  comparison  with  an 
antimonial  sublimate. 

Note. — Copper  itself  frequently  contains  arsenicum,  a  fact  that 
may  not,  perhaps,  much  trouble  an  operator  so  long  as  he  is 
performing  experiments  in  practical  chemistry  merely  for  educa- 
tional purposes  ;  but  when  he  engages  in  the  analysis  of  bodies 
of  unknown  composition,  he  must  assure  himself  that  neither  his 
apparatus  *nor  materials  already  contain  the  element  of  which  he 
is  in  search. 

The  detection  of  arsenicum  in  metallic  copper  is  best  accom- 
plished by  distilling  a  mixture  of  a  few  grains  of  the  sample  with 
five  or  six  times  its  weight  of  ferric  hydrate  or  chloride  (free 
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from  arsenicum)  and  excess  of  hydrochloric  acid.  The  arsenicum 
is  thus  volatilized  in  the  form  of  chloride  ot  arsenicum,  and  may- 
be condensed  in  water  and  detected  by  sulphuretted  hydrogen 
(6th  Analytical  Eeaction)  or  Reinsch's  test.  The  ferric  chloride 
solution  is,  if  necessary,  freed  from  any  trace  of  arsenicum  by 
evaporating  once  or  twice  to  dryness  with  excess  of  hydrochloric 
acid  (Odiing). 


Fig.  35. 


The  hydrogen  test  for  arsenicum. 


Third  Analytical  Reaction — The  hydrogen  test,  or  Marshes 
test. — Generate  hydrogen  in  the  usual  way  from  water  by  zinc 
and  sulphuric  acid,  a  bottle  of  about  four  or  six  ounces  capacity 
being  used,  and  a  funnel-tube  and  short  delivery-tube  passing 
through  the  cork  in  the  usual  manner  (see  above  figure).  Dry 
the  escaping  hydrogen  (except  in  rough  experiments,  when  it  is 
unnecessary)  by  adapting  to  the  delivery-tube,  by  a  pierced  cork, 
a  short  piece  of  wider  tubing  filled  with  fragments  of  chloride  of 
calcium  (a).  To  the  opposite  end  of  the  drying-tube  fit  a  piece 
of  narrow  tubing  ten  or  twelve  inches  long,  made  of  hard  German 
glass,  and  having  its  aperture  narrowed  by  drawing  out  in  the 
fiame  of  the  blowpipe.  "When  the  hydrogen  has  been  escaping  at 
such  a  rate  and  for  a  sufficient  number  of  minutes  as  to  warrant 
the  operator  in  concluding  that  all  the  air  originally  existing  in 
the  bottle  has  been  expelled,  set  light  to  the  jet,  and  then  pour 
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eight  or  ten  drops  of  the  aqueous  solution  of  arsenic,  or  three  or 
four  drops  of  the  acid  or  alkaline  solution  of  arsenic,  previously 
prepared,  into  the  funnel-tube,  washing  the  liquid  into  the  gene- 
rating-bottle  with  a  little  water.  The  arsenic  is  at  once  reduced 
to  the  state  of  arsenicum,  and  the  latter  combines  with  some  of  the 
hydrogen  to  form  hydride  of  arsenicum  or  arseniuretted  hydrogen 
gas  (AsHg).  Immediately  hold  a  piece  of  earthenware  or  porce- 
lain (the  lid  of  a  porcelain  crucible  (5),  if  at  hand)  in  the  hydrogen 
jet  at  the  extremity  of  the  delivery-tube;  a  brown  spot  of  arse- 
nicum is  deposited  on  the  porcelain.  Collect  several  of  these 
spots,  and  retain  them  for  future  comparison  with  antimonial 
spots  similarly  obtained  (p.  199). 

The  separation  of  arsenicum  in  the  flame  is  due  to  the  decom- 
position of  the  arseniuretted  hydrogen  by  the  heat  of  combustion. 
The  cool  porcelain  al  once  condenses  the  arsenicum,  and  thus 
prevents  its  oxidation  to  white  arsenic,  which  would  otherwise 
take  place  at  the  outer  edge  of  the  flame. 

Hold  a  small  beaker  (c)  or  wide  test-tube  over  the  flame  for  a 
few  minutes ;  a  white  film  of  arsenic  (As^Og)  will  be  slowly  depo- 
sited, and  may  be  further  examined  in  contrast  with  a  similar 
antimonial  film  obtained  in  the  same  manner  (p.  200). 

During  these  experiments  the  effect  produced  by  the  arsenical 
vapours  on  the  colour  of  the  hydrogen-flame  will  have  been 
noticed ;  they  give  it  a  dull  livid  bluish  tint.  This  is  charac- 
teristic. 

Apply  the  flame  of  a  gas-lamp  to  the  middle  of  the  hard  glass 
delivery-tube  d ;  the  arseniuretted  hydrogen,  as  before,  is  decom- 
posed by  the  heat,  but  the  liberated  arsenicum  (As^)  immediately 
condenses  in  the  cool  part  of  the  tube  beyond  the  flame,  forming 
a  dark  metallic  mirror.  The  tube  may  be  removed  and  kept  for 
comparison  with  an  antimonial  deposit  (p.  200). 

Note  I.— Zinc,  like  copper,  frequently  itself  contains  arsenicum. 
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When  a  specimen  free  from  arsenicum  is  met  with,  it  should  be 
reserved  for  analytical  experiments,  or  a  quantity  of  guaranteed 
purity  should  be  purchased  of  the  chemical-apparatus  maker. 
Sulphuric  acid  is  more  easily  obtained  free  from  arsenic. 

JSote  II. — In  delicate  and  important  applications  of  Marsh's 
test,  magnesium  may  be  substituted  for  zinc  with  safety,  as 
arsenicum  has  not  yet  been,  and  is  not  likely  to  be,  found  in  mag- 
nesium. Magnesium  in  rods  is  convenient  for  this  purpose,  and 
may  be  obtained  from  most  dealers  in  chemicals. 

Note  III. — Sulphuric  acid,  which  is  often  used  for  drying  gases, 
decomposes  arseniuretted  hydrogen.  Chloride  of  calcium  is  there- 
fore the  appropriate  desiccating  agent  for  this  gas. 

Fourth  Analytical  Reaction, — Fleitmann^s  test. — Generate  hy- 
drogen by  heating  to  near  the  boiling-point  a  strong  solution  of 
caustic  soda  or  potash  and  some  pieces  of  zinc,  Zn -|- 2I^aII0  = 
H^  +  lN'a^ZnOg — zincate  of  sodium.  Drop  into  the  test-tube  a 
little  arsenical  solution,  and  spread  over  the  mouth  of  the  tube 
a  cap  of  filter-paper  moistened  with  one  drop  of  solution  of  nitrate 
of  silver.  Again  heat  the  tube,  taking  care  that  the  liquid  itself 
shall  not  spurt  up  on  to  the  cap  ;  the  arsenic  is  reduced  to  arseni- 
cum, the  latter  uniting  with  the  hydrogen  as  in  Marsh's  test ; 
and  the  arseniuretted  hydrogen  passing  up  through  the  cap  reacts 
on  the  nitrate  of  silver,  causing  the  production  of  a  purplish-black 
spot, 

ASH3  -h  sup  4-  6Ag]S"03  =  H3ASO3  -h  6HNO3  +  3Ag^. 

Note. — ^This  reaction  is  particularly  valuable,  enabling  the  ana- 
lyst to  quickly  distinguish  arsenicum  in  the  presence  of  its  sister 
element  antimony,  which,  although  it  combines  with  the  hydrogen 
evolved  from  dilute  acid  and  zinc,  does  not  combine  with  the 
hydrogen  evolved  from  solution  of  alkali  and  zinc,  and  therefore 
does  not  give  the  effect  just  described. 

Fifth  Analytical  Reaction. — To  a  solution  of  chloride  of  tin 
in  strong  hydrochloric  acid  add  a  very  small  quantity  of  any 
arsenical  solution.  Arsenicum  then  separates,  especially  on  the 
application  of  heat,  giving  the  mixture  a  yellowish  and  then 
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brownish  hue  or  greyish-brown  turbidity,  or  even  a  sediment  of 
grey-brown  flocks,  according  to  the  amount  present.  Much 
water  prevents  the  reaction;  its  presence  therefore  must  be 
avoided  as  much  as  possible ;  indeed  a  liquid  saturated  by  hydro- 
chloric acid  gas  gives  best  results.  Arsenic  in  sulphuric  or  hy- 
drochloric acid  or  in  tartar  emetic,  etc.  may  be  detected  by  this 
method.  Nitrates,  such  as  subnitrate  of  bismuth,  must  first  be 
heated  with  sulphuric  acid  to  remove  the  nitric  radical  before 
applying  this  reduction  test  for  arsenicum.  The  stannous  is 
converted  to  stannic  salt  during  the  reaction. 


Distinction  between  Arsenious  and  Arsenic  combinations. — The 
above  tests  are  those  of  arsenicum,  whether  existing  in  the 
arsenious  or  arsenic  condition,  though  from  the  latter  the  element 
is  not  generally  eliminated  so  quickly  as  from  the  former.  Of 
the  following  reactions,  that  with  nitrate  of  silver  at  once  distin- 
guishes arsenious  acid  and  other  arsenites  from  arsenic  acid  and 
other  arseniates. 

Mem. — The  exact  nature  of  all  these  analytical  reactions  will 
be  more  fully  evident  if  traced  out  by  diagrams  or  equations. 


SiMh  Analytical  Reaction. — Through  an  acidified  solution  of 
arsenic  pass  sulphuretted  hydrogen  ;  a  yellow  precipitate  of  sul- 
phide of  arsenicum  or  arsenious  sulphide  (As^Sg)  quickly  falls. 
Add  an  alkaline  hydrate  or  sulphydrate  to  a  portion  of  the  pre- 
cipitate, it  readily  dissolves.  The  precipitate  consequently  would 
not  be  obtained  on  passing  sulphuretted  hydrogen  through  an 
alkaline  solution  of  arsenic.  To  another  portion  of  the  precipi- 
tate, well  drained,  add  strong  hydrochloric  acid ;  it  is  insoluble 
— unlike  sulphide  of  antimony.^' 

Note  I. — The  only  other  metal  which  gives  a  yellow  sulphide 
in  an  acid  solution  by  action  of  sulphuretted  hydrogen  is  cadmium ; 
but  this  sulphide  is  insoluble  in  alkaline  liquids. 
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Note  II. — A  trace  of  sulphide  of  arsenicum  is  sometimes  met 
with  in  sulphur  (distilled  from  arsenical  pyrites).  It  may  be  de- 
tected by  digesting  the  sulphur  in  solution  of  ammonia,  filtering, 
and  evaporating  to  dryness  ;  a  yellow  residue  of  sulphide  of  ar- 
senicum is  obtained  if  that  substance  be  present. 

Seventh  Analytical  Reaction, — Through  an  acidified  solution  of 
arsenic  acid,  or  any  other  arseniate,  pass  sulphuretted  hydrogen ; 
a  yellow  precipitate  of  arsenic  sulphide  (As^Sg)  slowly  falls.  This 
also  is  soluble  in  alkaline  hydrates  and  sulphydrates. 

Chemical  Analogy  of  Sulphur  and  Oxygen, — The  solubility  of 
arsenious  and  arsenic  sulphide  in  alkaline  solutions  is  good 
evidence  of  the  close  chemical  analogy  between  them  and  the  cor- 
responding oxygen  compounds  of  arsenicum.  The  potassium 
arsenite  and  sulph-arsenite,  arseniate  and  sulph-arseniate,  have 
the  composition  represented  by  the  following  formulae  : — 

K3ASO3  X3ASO, 

K3ASS3  K3ASS,; 

and  the  corresponding  ammonium  and  sodium  salts  have  a  similar 

composition : — 

6AmHS  +  As^Sg  =  2Am3AsS3  +  3H^S 
6AmHS  +  As^S,  =  2Am3AsS,  +  3H^S. 

Eighth  Analytical  Reaction, — To  an  aqueous  solution  of  arsenic 
add  two  or  three  drops  of  solution  of  sulphate  of  copper,  and  then 
cautiously  add  diluted  solution  of  ammonia,  drop  by  drop,  until  a 
green  precipitate  is  obtained.  The  production  of  this  precipitate 
is  characteristic  of  arsenicum.  To  a  portion  of  the  mixture  add 
an  acid ;  the  precipitate  dissolves.  To  another  portion  add 
alkali ;  the  precipitate  dissolves.  These  two  experiments  show 
the  advantage  of  testing  a  suspected  arsenical  solution  by  litmus- 
paper  before  applying  this  reaction— if  acid,  cautiously  adding 
alkali,  if  alkaline,  adding  acid,  till  neutrality  is  obtained.  Or  a 
special  copper  reagent  may  be  used :  see  a  note  to  the  Eleventh 
Analytical  Eeaction. 

The  precipitate  is  arsenite  of  copper  (Cu"HAs03)  or  Scheele^s 
Green.   More  or  less  pure,  or  mixed  with  acetate  or,  occasionally. 
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carbonate  of  copper,  it  is  very  largely  used  as  a  pigment  under 
many  names,  such,  as  Brunswick  Green  and  Schweinfurth  Green, 
by  painters,  paper-stainers,  and  others. 

Ninth  Analytical  Beaction. — ^Apply  the  test  just  described  to 
a  solution  of  arsenic  acid  or  other  arseniate ;  a  somewhat  similar 
precipitate  of  arseniate  of  copper  is  obtained. 

Tenth  Analytical  Reaction. — Eepeat  the  eighth  reaction,  sub- 
stituting nitrate  of  silver  for  sulphate  of  copper :  in  this  case 
yellow  arsenite  of  silver  (Ag3As03)  falls,  also  soluble  in  acids  and 
alkalies. 

Eleventh  Analytical  Reaction. — Apply  the  test  to  a  solution  of 
arsenic  acid  or  other  arseniate ;  a  cAocoZa^^-coloured  precipitate 
of  arseniate  of  silver  (AggAsOJ  falls. 

Copper  and  Silver  Ueagents  for  Arsenicum, — The  last  four 
reactions  may  be  performed  with  increased  delicacy  and  certainty 
of  result  if  the  copper  and  silver  reagents  be  previously  prepared 
in  the  following  manner : — ^To  solution  of  pure  sulphate  of  copper 
(about  1  part  in  20  of  water)  add  ammonia  until  the  blue  precipi- 
tate at  first  formed  is  nearly,  but  not  quite,  redissolved ;  filter  and 
preserve  the  liquid  as  an  arsenicum  reagent,  labelling  it  solution 
of  amr/ionio -sulphate  of  copper  (B.  P.).  Treat  solution  of  nitrate 
of  silver  (about  1  part  in  40)  in  the  same  way,  and  label  it  solution 
of  ammonio-nitrate  of  silver  (B.  P.).  The  composition  of  these 
two  salts  will  be  referred  to  subsequently. 

Arsenious  and  Arsenic  Compounds. — While  many  reagents 
may  be  iised  for  the  detection  of  arsenicum,  only  nitrate  of  silver, 
as  already  stated,  will  readily  indicate  in  which  state  of  oxidation 
the  arsenicum  exists  ;  for  the  two  sulphides  and  the  two  copper 
precipitates,  though  differing  in  composition,  resemble  each  other 
in  appearance,  whereas  the  two  silver  precipitates  differ  in  colour 
as  well  as  in  composition. 

Soluble  arseniates  also  give  insoluble  arseniates  with  solutions 
of  salts  of  barium,  calcium,  zinc,  and  some  other  metals. 

Antidote. — In  cases  of  poisoning  by  arsenic  or  arsenical  pre- 
parations, the  most  effective  antidote  is  recently  precipitated 
moist  ferric  hydrate  {Ferri  Peroooidum  Humidum,  B.  P.).    It  is 
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perhaps  best  administered  in  the  form  of  a  mixture  of  solution 
of  perchloride  of  iron  {Liquor  Ferri  Perchloridi,  B.  P.)  with 
carbonate  of  sodium — two  to  three  ounces  of  the  former  to 
about  one  ounce  of  the  crystals  of  the  latter.  Instead  of  the 
carbonate  of  sodium  about  a  quarter  of  an  ounce  of  calcined 
magnesia  {Magnesia,  B.  P.)  may  be  used.  These  quantities  will 
render  at  least  10  grains  of  arsenic  insoluble.  Emetics  should 
also  be  given,  and  the  stomach-pump  applied  as  quickly  as 
possible. 

The  above  statements  regarding  the  antidote  for  arsenic  may 
be  verified  by  mixing  the  various  substances  together,  filtering, 
and  proving  the  absence  of  arsenicum  in  the  filtrate  by  applying 
some  of  the  foregoing  tests. 

Mode  of  action  of  the  Antidote, — The  action  of  the  carbonate  of 
sodium  or  the  magnesia  is  to  precipitate  ferric  hydrate  (Fe^GHO) 
— chloride  of  sodium  (I^aCl)  or  of  magnesium  (MgCy  being 
formed,  which  are  harmless,  if  not  beneficial,  under  the  circum- 
stances. The  reaction  between  the  ferric  hydrate  and  the  arsenic 
results  in  the  formation  of  insoluble  ferrous  arseniate. 

2(Ee,6HO)  +  As,03  =  re32AsO,  +  5H,0  +  Pe2H0 

Ferric  Arsenic.  Ferrous  Water.  Ferrous 

hydrate.  arseniate.  hydrate. 

As  already  stated,  dried  ferric  hydrate  (then  become  an  oxyhydrate, 
^020^2110)  {Ferri  Peroxidiim  Hydratiim,  B.  P.)  has  no  action  on 
arsenic  ;  and  even  the  moist  recently  prepared  hydrate  (Fe^GHO) 
ceases  to  react  with  arsenic  as  soon  as  it  has  become  converted 
into  an  oxyhydrate  (Pe^OgOHO),  a  change  which  occurs  though 
the  hydrate  be  kept  under  water  (Procter).  According  to  T.  and 
H.  Smith  this  decomposition  occurs  gradually,  but  in  an  in- 
creasing ratio  ;  so  that  after  four  months  the  power  of  the  moist 
mass  is  reduced  to  one  half,  and  after  five  months  to  one  fourth. 


QUESTIONS  AND  EXEECISES. 


247.  What  is  the  formula  of  a  molecule  of  arsenicum  ? 

248.  In  what  form  does  arsenicum  occur  in  nature  ? 
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249.  Describe  the  characters  of  white  arsenic. 

250.  l^ame  the  official  preparations  of  arsenicum. 

251.  What  proportion  of  arsenic  (As^Og)  is  contained  in 
Liquor  Arsenicalis,  B.  P.,  and  Liquor  Arsenici  Hydrochloricus, 
B.  P.? 

252.  By  what  method  may  arsenic  be  reduced  to  arsenicum  ? 

253.  Give  the  formulae  of  arsenious  and  arsenic  acids  and  an- 
hydrides. 

251.  Explain,  by  diagrams,  the  reactions  which  occur  in  con- 
verting arsenic  into  Arseniate  of  Sodium  by  the  process  of  the 
Pharmacopoeia. 

255.  Why  is  anhydrous  instead  of  crystallized  arseniate  of 
sodium  employed  in  the  preparation  of  Liquor  Sodce  Arseniaiis, 
B.  P.? 

256.  In  the  preparation  of  Arseniate  of  Iron  from  ferrous 
sulphate  and  arseniate  of  sodium,  why  is  acetate  of  sodium 
included  ? 

257.  Describe  the  manipulations  necessary  to  obtain  arsenic 
in  its  characteristic  crystalline  form. 

258.  How  is  Eeinsch's  test  for  arsenicum  applied,  and  under 
what  circumstances  may  its  indications  be  fallacious  ? 

259.  Give  the  details  of  Marsh's  test  for  arsenicum,  and  the 
precautions  to  be  observed  in  its  performance.  Explain  the  re- 
actions by  diagrams. 

260.  What  peculiar  value  has  Eleitmann's  test  for  arse- 
nicum ? 

261.  Describe  the  conditions  under  which  sulphuretted  hydro- 
gen becomes  a  trustworthy  test  for  arsenicum. 

262.  How  may  a  trace  of  sulphide  of  arsenicum  be  detected 
in  sulphur  ? 

263.  How  are  salts  of  copper  and  silver  applied  as  reagents 
for  the  detection  of  arsenicum  ? 

264.  How  are  arsenites  distinguished  from  arseniates  ? 

265.  Mention  the  best  antidote  in  cases  of  poisoning  by 
arsenic,  explain  the  process  by  which  it  may  be  most  quickly 
prepared,  and  describe  its  action. 

266.  What  light  does  the  action  of  arsenic  on  ferric  hydrate 
throw  on  the  constitution  of  the  latter  substance  ? 
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ANTIMONY. 

Symbol  Sb  (stibium).    Atomic  weight  122. 

Source  and  Uses. — Antimony  occurs  in  nature  chiefly  as  sul- 
phide, Sb^Sg.  The  crude  or  hlacJc  antimony  of  pharmacy  is  this 
native  sulphide  freed  from  earthy  impurities  by  fusion  :  it  has  a 
striated,  crystalline,  lustrous  fracture  ;  subsequently  powdered  it 
forms  the  greyish-black  crystalline  Antimonmm  nigrum,  B.  P. 
The  metal  is  easily  obtained  from  the  sulphide  by  roasting,  and 
then  reducing  with  charcoal  and  carbonate  of  sodium.  Metallic 
antimony  is  an  important  constituent  of  Type-metal,  Britannia 
metal  (tea-  and  coffee-pots,  spoons,  etc.),  and  the  best  varieties  of 
Pewter,  The  old  jpocula  emetica,  or  everlasting  emetic  cups,  were 
made  of  antimony ;  wine  kept  in  them  for  a  day  or  two  acquired 
a  variable  amount  of  emetic  quality.  The  metal  is  not  used  in 
making  the  antimonial  preparations  of  the  Pharmacopoeia,  the 
sulphide  alone  being,  directly  or  indirectly,  employed  for  this 
purpose. 

Antimony  has  very  close  chemical  analogies  with  arsenicum. 
Its  atom,  in  the  common  salts,  exerts  trivalent  activity  (e,g,  SbCl3), 
but  sometimes  it  is  quinquivalent  (e.  g,  SbClg). 

Eeactions  having  (a)  Synthetical  and  (h)  Analytical 
Interest. 

(a)  Reactions  having  Synthetical  Interest, 
Chloride  of  Antimony.  Antimonious  Chlorido. 
First  Synthetical  Reaction, — Boil  half  an  ounce  or  less  of 
sulphide  of  antimony  with  four  or  five  times  its  weight  of  hy- 
drochloric acid  in  a  dish  in  a  fume-chamber  or  the  open  air; 
sulphuretted  hydrogen  is  evolved  and  solution  of  chloride  of 
antimony,  SbClg,  obtained. 

SbSg    +    6HC1    =    2SbCl3    -}-  3H,S 

Sulphide  Hydro-  Chloride  Sulphu- 

.of  chloric  of  retted 

antimony.  acid.  antimony.  hydrogen. 

This  solution,  cleared  by  subsidence,  is  what  is  commonly 
known  as  Butter  of  antimony  {Liquor  Antimonii  Chloridi,  B.  P.). 
If  pure  sulphide  has  been  used  in  its  preparation  the  liquid  is 
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nearly  colourless ;  but  much,  of  that  met  with,  in  veterinary  phar- 
macy is  simply  a  by-product  in  the  generation  of  sulphuretted 
hydrogen  from  native  sulphide  of  antimony  and  hydrochloric 
acid,  and  is  more  or  less  brown  from  the  presence  of  chloride  of 
iron.  It  not  unfrequently  darkens  in  colour  on  keeping;  this 
is  due  to  absorption  of  oxygen  from  the  air  and  conversion  of 
light-coloured  ferrous  into  dark-brown  ferric  chloride  or  oxy- 
chloride. 

True  hutter  of  antimony  (SbClg)  is  obtained  on  evaporating  the 
above  solution  to  a  low  bulk,  and  distilling  the  residue.  The 
butter  condenses  as  a  white  crystalline  semitransparent  mass  in 
the  neck  of  the  retort ;  at  the  close  of  the  operation  it  may  be 
easily  melted  and  run  down  into  a  bottle,  which  should  be  subse- 
quently well  stoppered. 

PentacJiloride  of  antimony  (SbClg),  or  antimonic  cJiloride,  is  a 
fuming  liquid,  obtained  on  passing  chlorine  over  the  lower 
chloride. 

Oxychloride  of  Antimony.   Antimonious  OxycMoride. 

Second  Synthetical  Reaction.— Tour  the  solution  of  chloride  of 
antimony  produced  in  the  last  reaction  into  several  ounces  of  water; 
a  white  precipitate  of  oxychloride  of  antimony  (SSbClg,  SSb^O^) 
falls,  some  chloride  of  antimony  remaining  in  the  supernatant 
acid  liquid. 

This  precipitate  is  the  old  2^'tih'is  AlgarotJii,  pidvis  angelicus,  or 
mercurius  vitce.  It  varies  somewhat  in  composition,  according  to 
the  amount  of  water  with  which  the  chloride  may  be  mixed  ;  but 
on  standing  under  water  gradually  becomes  crystalline  and  has 
the  composition  above  given. 

12SbCl3  4-  =  2SbCl3,  5Sb,03  -f-  30HC1 

Chloride  of  Water.  Oxychloride  of  Hydrochloric 

antimony.  antimony.  acid. 

Oxide  of  Antimony.   Antimonious  Oxide. 

"Well  wash  the  precipitate  with  water,  by  decantation  {vide 
p.  112),  and  add  solution  of  carbonate  of  sodium ;  the  chloride 
remaining  with  the  oxide  is  thus  decomposed,  and  oxide  of  anti- 
mony (Sb^Og)  alone  remains.    This  is  Antimonii  Oxidum,  E.  P. 
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It  is  of  a  light  buff  or  greyish-white  colour,  or  quite  white  if 
absolutely  free  from  iron,  insoluble  in  water^  soluble  in  hydro- 
chloric acid,  fusible  at  a  low  red  heat.  The  moist  oxide  of  anti- 
mony may  be  well  washed  and  employed  for  the  next  reaction., 
or  dried  over  a  water-bath.  At  temperatures  above  212°  P.  oxygen 
is  absorbed,  and  other  oxides  of  antimony  formed.  The  presence 
of  the  latter  is  detected  on  boiling  the  powder  in  solution  of  acid 
tartrate  of  potassium,  in  which  oxide  of  antimony  (Sb^Og)  is 
soluble,  but  antimonic  anhydride  (Sb^O.)  and  the  double  oxide  or 
so-called  antimonioiis  anhydride  (Sb^Og)  insoluble. 

2SbCl3,  SSb.Og  +  SIsTa.COg  =  6S\0^  +  -h  3C0, 

Oxychloride  of  Carbonate  Oxide  of  Chloride  Carbonic 

antimony.  of  sodium.  antimony.        of  sodium.       acid  gas. 

The  higher  oxide  of  antimony  (Sb^Og),  termed  antimonic  oxide 
or  anhydride,  corresponding  with  arsenic  anhydride,  is  obtained 
on  decomposing  the  pentachloride  by  water,  or  on  boiling  metallic 
antimony  with  nitric  acid.  The  variety  obtained  from  the 
chloride  differs  in  saturating-power  from  that  obtained  from  the 
metal,  and  is  termed  metantimonic  acid  (juera,  mtta,  beyond). 

Tartar  Emetic. 

Third  Synthetical  Reaction. — Mix  the  moist  oxide  .of  antimony 
obtained  in  the  previous  reaction  with  about  an  equal  quantity  of 
cream  of  tartar  (6  of  the  latter  to  5  of  the  dry  oxide)  and  suffi- 
cient water  to  form  a  paste  ;  set  aside  for  a  day  to  facilitate  com- 
plete combination ;  boil  the  product  with  water,  and  filter ;  the 
resulting  liquid  contains  the  double  tartrate  of  antimony  and 
potassium  (KSbC^H^O^),  potassio-tartrate  of  antimony,  tartarated 
antimony,  or  tartar  emetic  (emetic,  from  l^ew,  emed,  I  vomit ; 
tartar,  from  Taprapos,  tartaros^  see  Index). 

2KHC^HP3    -I-    Sbp3    =    2KSbC,H^0,   +  H,0 

Acid  tartrate  Oxide  of  Tartar  emetic.  Water, 

of  potassium.  antimony. 

On  evaporation,  the  salt  is  obtained  in  colourless  transparent 
triangular-faced  crystals  of  the  above  composition,  with  a  mole- 
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cule  of  water  of  crystallization,  forming  the  Antimonium  Tarta- 
ratum,  B.  P.,  Antimonii  et  Fotassii  Tartras,  U.  S.  P.  (KSbC^Hp^, 
H.0). 

The  formula  for  tartar  emetic  is  apparently  inconsistent  with 
the  general  formula  for  tartrates  (R'WCJIfiJ) ;  this  will  be  sub- 
sequently fully  explained  in  connexion  with  Tartaric  Acid.  The 
salt  appears  to  be  an  oxytartrate  K'^h'"(CJIfiJ'0", 

Tartar  emetic  is  soluble  in  water,  and  slightly  so  in  proof 
spirit.  Dissolved  in  sherry  wine  it  forms  the  official  Vinuin 
Antimoniale,  B.  P.  It  may  be  externally  applied  as  an  oint- 
ment, Uiigiientum  Antimonii  Tartamti,  B.  P. 

Sulphurated  Antimony.    OxysnlpMde  of  Antimony. 

Fourth  Synthetical  Reaction, — Boil  a  few  grains  of  sulphide  of 
antimony  with  solution  of  soda  in  a  test-tube,  and  filter;  (or 
larger  quantities  in  larger  vessels,  10  ounces  of  sulphide  to  4| 
pints  of  the  official  solution  of  soda  for  2  hours,  frequently  stirring, 
and  occasionally  replacing  water  lost  by  evaporation).  Into  the 
filtrate,  before  cool,  stir  diluted  sulphuric  acid  until  the  liquid  is 
slightly  acid  to  test-paper ;  a  brownish-red  precipitate  of  oxy- 
sulphide  of  antimony,  the  Antimonium  Suljohuratum,  B.  P.,  falls  ; 
filter,  wash,  and  dry  over  a  water-bath.  It  is  a  mixture  of  sul- 
phide of  antimony  (Sb^Sg)  with  a  small  and  variable  amount  of 
oxide  (Sb^Og).  The  oxide  results  from  the  double  decomposition 
of  sulphide  of  antimony  and  soda. 

If  a  small  quantity  of  sulphur  be  boiled  with  the  sulphide  of 
antimony  and  solution  of  soda,  the  precipitate  on  addition  of  sul- 
phuric acid  will  have  a  much  brighter  colour,  chiefly  on  account  of 
the  presence  of  a  higher  sulphide  having  a  yellow  colour  (Sb^Sg). 

This  is  one  of  the  many  varieties  of  mineral  hermes,  so  called 
from  their  similarity  in  colour  to  the  insect  Icermes.  Xermes  is 
the  name,  now  obsolete,  of  the  Coccus  Ilicis,  a  sort  of  cochineal- 
insect,  full  of  reddish  juice,  and  used  for  dyeing  from  the  earliest 
times.  The  colour  of  the  precipitate  is  affected  by  the  tempera- 
ture as  weU  as  state  of  dilution  of  the  alkaline  liquid  when  the 
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acid  is  added.  When  the  alkaline  liquid  is  boiled,  especially  if 
long  exposed  to  air,  oxygen  is  absorbed  by  some  of  the  antimony, 
whose  sulphur  uniting  with  the  trisulphide  forms  a  portion 
of  the  lighter  yellow  pentasulphide.  Kermes  mineral  thus  varies 
much  in  proportion  of  oxide  and  of  pentasulphide,  also  in  the  phy- 
sical condition  of  its  trisulphide. 

Exjilanation  of  process, — The  sulphides  and  oxides  of  antimony, 
like  those  of  arsenicum,  react  with  the  sulphides  and  oxides  of 
certain  metals  to  form  soluble  salts  (J^agSbSg  and  NagSbOg  :  the 
former  is  deposited  in  yellow  tetrahedral  crystals  when  such  an 
alkaline  solution  is  set  aside  to  slowly  cool). 

SSb.Sg  +  e^^aHO  =  SJ^-agSbSg  +  ^\0^  +  3H^0 

Sulphide  of  Soda.  Sulph-autimonite     Oxide  of  Water, 

antimony.  of  sodium.  antimony, 

Sbp3    +    GiSTaHO    =    2I^a3Sb03    +  3Hp 

Oxide  of  Soda.  Antimonite  Water, 

antimony.  of  sodium. 

In  the  hot  solutions  of  these  salts  sulphide  and  oxide  of  anti- 
mony are  soluble,  and  are  reprecipitated  in  an  indefinite  state  of 
combination,  partially  on  cooling,  or  wholly  on  the  addition  of 
acid.  The  acid  also  decomposes  the  oxysalt  with  precipitation 
of  oxide,  and  the  sulphur -salt  with  precipitation  of  orange  sul- 
phide of  antimony.  The  acid  is  added  to  the  liquid  before  much 
oxysulphide  has  deposited  (that  is,  before  the  solution  is  cool), 
in  order  to  insure  uniformity  of  product. 

2]^a3SbS3  4-  3H^S0,  =  SiSTa.^SO^  +  Sb,S3  -f-  3H^S 

Bulph-antimonite      Sulphuric  Sulphate         Sulphide  of  Sulphuretted 

of  sodium.  acid.  of  sodiu:n.         antimony.  hydrogen. 

2]NXSb03  +  3H^S0,  =  3?^"a^S0,  +  ^\0,  +  3H^0 

Antimonite  Sulphuric  Sulphate  Oxide  of  Water, 

of  sodium.  acid.  of  sodium.  antimony. 

The  oxide  and  sulphide  indicated  in  these  equations,  together 
with  excess  of  sulphide  of  antimony  originally  dissolved  by  the 
alkaline  liquid,  are  all  precipitated  when  the  acid  is  added,  and 
form  the  Sulphurated  Antimony  of  the  Pharmacopoeia,  "  an 
orange-red  powder,  readily  dissolved  by  caustic  soda,  also  by 
hydrochloric  acid  with  the  evolution  of  sulphuretted  hydrogen 
and  the  separation  of  a  little  sulphur."  Its  antimony  is  detected 
by  dissolving  the  powder  in  hydrochloric  acid,  or  in  solution 
of  acid  tartrate  of  potassium,  and  passing  sulphuretted  hydrogen 
through  the  liquid,  as  described  in  the  first  analytical  reaction. 


198 


THE  METALLIC  RADICALS. 


The  previous  fonr  synthetical  reactions  illustrate  the  official  pro- 
cesses for  the  respective  substances.  The  solution  of  chloride  of 
antimony  is  only  used  in  the  preparation  of  oxide ;  the  oxide, 
besides  its  use  in  the  preparation  of  tartar  emetic,  is  mixed  with 
twice  its  weight  of  phosphate  of  calcium  (purified  bone-earth)  to 
form  Pulvis  Antimonialis,  B.  P. 

The  Sulphides  and  Hydride  of  Antimony  are  incidentally 
mentioned  in  the  following  analytical  paragraphs. 


(h)  Reactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. — Through  an  acidified  antimonial 
solution  pass  sulphuretted  hydrogen ;  an  orange  precipitate  of 
amorphous  sulphide  of  antimony  falls.  It  has  the  same  composi- 
tion as  the  crystalline  black  sulphide  (Sb^Sg),  into  which,  indeed, 
when  dried,  it  is  quickly  converted  by  heat.  Like  sulphide  of 
arsenicum,  it  is  soluble  in  alkaline  solutions.  Collect  a  portion 
on  a  filter  and,  when  well  drained,  add  strong  hydrochloric  acid ; 
it  dissolves — unlike  sulphide  of  arsenicum. 

A  higher  sulphide  of  antimony  (Sb^S.),  corresponding  to  the 
higher  sulphide  of  arsenicum,  exists.  It  is  formed  on  passing 
sulphuretted  hydrogen  through  an  acidified  solution  of  the  higher 
chloride  (SbCL),  or,  less  pure,  on  boiling  black  sulphide  of  an- 
timony and  sulphur  with  an  alkali,  and  decomposing  the  resulting 
filtered  liquid  by  an  acid. 

Note. — The  arsenious  and  antimonious  compounds  are  those 
chiefly  employed  in  medicine  ;  arseniates  of  sodium  and  iron  are, 
however,  sometimes  employed.  The  arseniates  and,  rarely,  an 
antimoniate  are  useful  in  analysis,  and  the  antimonic  chloride  in 
chemical  research.  The  higher  compounds  of  both  elements  are 
noticed  here  chiefly  to  draw  attention  to  the  close  analogy  existing 
between  arsenicum  and  antimony,  an  analogy  carried  out  in  the 
numerous  other  compounds  of  these  elements. 

Second  Analytical  Reaction. — Dilute  two  or  three  drops  of  the 
solution  of  chloride  of  antimony  with  water  ;  a  precipitate  of 
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oxychloride  occurs,  the  formation  of  which  has  been  explained 
under  the  similar  synthetical  reaction.  The  occurrence  of  this 
precipitate  distinguishes  antimony  from  arsenicum,  but  is  a 
reaction  that  cannot  be  fully  relied  upon  in  analysis,  because 
requiring  the  presence  of  too  much  material  and  the  observance 
of  too  many  conditions.  Add  a  sufficient  quantity  of  hydrochloric 
acid  to  dissolve  the  precipitate,  and  boil  a  piece  of  copper  in  the 
solution  as  directed  in  the  corresponding  test  for  arsenicum 
{vide  page  184) ;  antimony  is  deposited  on  the  copper.  Wash, 
dry,  and  heat  the  copper  in  a  test-tube  as  before  ;  the  antimony, 
like  the  arsenicum,  is  volatilized  off  the  copper  and  condenses  on 
the  side  of  the  tube  as  white  oxide  ;  but  the  sublimate,  from  its 
low  degree  of  volatility,  condenses  close  to  the  copper ;  moreover, 
it  is  destitute  of  crystalline  character, — that  is  to  say,  it  is 
amorphous  (a,  a,  without ;  fxaptp}),  morjohe,  shape). 

Shake  out  the  copper  and  boil  water  in  the  tube  for  several 
minutes.  Do  the  same  with  the  arsenical  sublimate  similarly 
obtained.  The  deposit  of  arsenic  slowly  dissolves,  and  may  be 
recognized  in  the  solution  by  ammonio -nitrate  of  silver ;  the 
antimonial  sublimate  is  insoluble. 

Third  Analytical  Reaction.  —  Perform  the  experiments  de- 
scribed under  Marsh's  test  for  arsenicum  (pp.  185-6),  carefully 
observing  all  the  details  there  mentioned,  but  using  a  few  drops 
of  solution  of  chloride  of  antimony  or  tartar  emetic  instead  of 
the  arsenical  solution.  Antimoniuretted  hydrogen,  or  hydride  of 
antimony  (SbHg),  is  formed  and  decomposed  in  the  same  way  as 
arseniuretted  hydrogen. 

To  one  of  the  arsenicum  spots  on  the  porcelain  lid  (p.  186)  add 
a  drop  of  solution  of  chloride  of  lime"  (bleaching-powder) ;  it 
quickly  dissolves.  Do  the  same  with  an  antimony  spot ;  it  is 
unaffected. 

Heat  more  quickly  causes  the  volatilization  of  an  arsenicum 
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than  an  antimony  spot ;  sniphydrate  of  ammonium  more  readily 
dissolves  the  antimony  than  the  arsenicum. 

Eoil  water  for  several  minutes  in  the  beaker  or  wide  test-tube 
containing  the  arsenious  sublimate  (p.  186) ;  it  slowly  dissolves 
and  may  be  recognized  in  the  solution  by  the  yellow  precipitate 
given  on  the  addition  of  solution  of  ammonio-nitrate  of  silver. 
The  antimonial  sublimate,  similarly  treated,  gives  no  correspond- 
ing reaction. 

Pass  a  slow  current  of  sulphuretted  hydrogen  through  the 
delivery-tube  removed  from  the  hydrogen- apparatus  (page  186), 
and,  when  the  air  may  be  considered  to  have  been  expelled  from 
the  tube,  gently  heat  that  portion  containing  the  deposit  of  arse- 
nicum ;  the  latter  will  be  converted  into  a  yellow  sublimate  of 
sulphide  of  arsenicum.  Eemove  the  tube  from  the  sulphuretted- 
hydrogen  apparatus,  and  repeat  the  experiment  with  a  similar 
antimony  deposit ;  it  is  converted  into  orange  sulphide  of  anti- 
mony, which,  moreover,  owing  to  inferior  volatility,  condenses 
nearer  to  the  flame  than  sulphide  of  arsenicum. 

Pass  dry  hydrochloric  acid  gas  through  the  two  delivery- 
tubes.  This  is  accomplished  by  adapting  first  one  tube  and  then 
the  other  by  a  cork  to  a  test-tube  containing  a  few  lumps  of  com- 
mon salt,  on  which  a  little  sulphuric  acid  is  poured  during  the 
momentary  removal  of  the  cork.  The  sulphide  of  antimony  dis- 
solves and  disappears ;  the  sulphide  of  arsenicum  is  unaffected. 

Thorough  perception  of  the  chemistry  of  arsenicum  and  antimony 
will  he  obtained  on  constructing  equations  or  diagrams  descriptive 
of  each  of  the  foregoing  reactions. 

Antidote. — The  introduction  of  poisonous  doses  of  antimonials 
into  the  stomach  is  fortunately  quickly  followed  by  vomiting. 
If  vomiting  has  not  occurred,  or  apparently  to  an  insufficient 
extent,  any  form  of  tannic  acid  may  be  administered  (infusion 
of  tea,  nutgalls,  cinchona,  oak-bark,  or  other  astringent  solutions 
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or  tinctures),  an  insoluble  tannate  of  antimony  being  formed, 
and  absorption  of  the  poison  consequently  somewhat  retarded. 
The  stomach-pump  must  be  applied  as  quickly  as  possible. 

Eecently  precipitated  moist  ferric  hydrate  is  also,  according  to 
T.  and  H.  Smith,  a  perfect  absorbent  of  antimony  from  its  solu- 
tions, the  chemical  action  being  probably,  they  say,  similar  to 
that  which  takes  place  between  ferric  hydrate  and  arsenious  an- 
hydride. It  may  be  given  in  the  form  of  a  mixture  of  perchlo- 
ride  of  iron  with  either  carbonate  of  sodium  or  magnesia. 

These  statements  may  be  verified  by  mixing  together  the 
various  substances,  filtering,  and  testing  the  filtrate  for  antimony 
in  the  usual  manner. 


DIEECTIOl^S  rOR  APPLTIIira  THE  POEEaOIN^  REACTIOl^'S  TO  THE 
AI?-ALTSIS  OP  AI?"  AaXJEOUS  SOLTJTIOIS"  OP  A  SALT  OF  ONE  OP  THE 
ELEMENTS  AeSENICTO  AND  AnTIMONT. 

Acidify  the  liquid  with  hydrochloric  acid,  and  pass  through  it 
sulphuretted  hydrogen : — 

A  yellow  precipitate  indicates  arsenicum ; 
An  orange  precipitate  indicates  antimony. 
The  result  may  be  confirmed  by  the  application  of  other  tests. 


directions  por  applying-  the  poreaoino  reactions  to  the 
analysis  op  an  aqtjeofs  solution  op  salts  op  both 
Arsenicum  and  Antimony. 

Acidify  a  small  portion  of  the  liquid  with  hydrochloric  acid, 
and  pass  through  it  sulphuretted  hydrogen. 

Note  I. — If  the  precipitate  by  sulphuretted  hydrogen  is  unmis- 
takably orange,  antimony  may  be  put  down  as  present,  and 
arsenicum  only  further  sought  by  the  application  of  Pleitmann's 
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test  to  the  solution  of  the  sulphides  in  aqua  regia*  freed  from 
sulphur  by  boiling,  or,  better,  to  the  original  solution. 

Note  II. — Sulphide  of  antimony  is  far  less  readily  soluble  than 
sulphide  of  arsenicum  in  solution  of  carbonate  of  ammonium. 
But  this  fact  possesses  limited  analytical  value ;  for  the  colour  of 
the  sulphides  is  already  sufficient  to  distinguish  the  one  from  the 
other  when  they  are  unmixed  ;  and  when  mixed,  much  sulphide 
of  antimony  will  prevent  a  little  sulphide  of  arsenicum  from 
being  dissolved  by  the  alkaline  carbonate,  while  much  sulphide 
of  arsenicum  will  carry  a  little  sulphide  of  antimony  into  the 
solution.  "When  the  proportions  are,  apparently,  from  the  colour 
of  the  precipitate,  less  wide,  solution  of  carbonate  of  ammonium 
will  be  found  useful  in  roughly  separating  the  one  sulphide  from 
the  other.  On  filtering  and  neutralizing  the  alkaline  solution 
by  an  acid,  the  yellow  sulphide  of  arsenicum  is  reprecipitated. 
The  orange  sulphide  of  antimony  will  remain  on  the  filter. 

Note  III. — Solution  of  bisulphite  of  potassium  is  said  by  Wohler 
to  be  a  good  reagent  for  separating  the  sulphides  of  arsenicum  and 
antimony,  the  former  being  soluble,  the  latter  insoluble  in  the  liquid. 

Note  lY. — Another  reagent  for  separating  the  sulphides  of  arse- 
nicum and  antimony  is  strong  hydrochloric  acid.  As  little  water 
as  possible  must  be  present.  On  boiling,  the  sulphide  of  an- 
timony dissolves,  while  the  sulphide  of  arsenicum  remains  in- 
soluble. The  liquid  slightly  diluted,  filtered,  more  water  added, 
and  sulphuretted  hydrogen  again  transmitted,  gives  orange  sul- 
phide of  antimony.  The  process  should  previously  be  tried  on  the 
precipitated  mixed  sulphides.  The  presence  of  arsenicum  may 
be  confirmed  by  the  application  of  Eleitmann's  test  to  the  original 
solution. 

Note  V. — If  the  precipitate  by  sulphuretted  hydrogen  is  un- 
mistakably yellow,  arsenicum  may  be  put  down  as  present,  and 
any  antimony  detected  by  the  previous  or  one  of  the  following 
two  processes.  These  two  processes  are  rather  long,  and  require 
much  care  in  their  performance ;  but  are  useful,  because  a  small 
quantity  of  antimony  in  much  arsenicum,  or  vice  versa,  may  be 
detected  by  their  means. 

*  Aqua  regia  is  a  mixture  of  four  parts  bydrochloric  and  three  parts  nitric 
acid.  It  was  so  called  from  its  property  of  dissolving  gold,  the  "  king"  of 
metals.  Diluted  with  rather  more  than  four  times  its  bulk  of  water,  it 
forms  the  Acidum  Nitro-hydrochloricum  Bilutum^  B.  P. 
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First  process. — Generate  hydrogen  and  pass  it  through  a  small 
wash-bottle  containing  solution  of  acetate  of  lead,  to  free  the  gas 
from  any  trace  of  sulphuretted  hydrogen  it  may  possess,  and 
then  through  a  dilute  solution  of  nitrate  of  silver  contained  in  a 
test-tube.  When  the  apparatus  is  in  good  working  order,  pour 
into  the  generating-bottle  the  solution  to  be  examined,  adding 
it  gradually  to  prevent  violent  action.  After  the  gas  has  been 
passing  for  five  or  ten  minutes,  examine  the  contents  of  the 
nitrate -of-silver  tube ;  arsenicum,  if  present,  will  be  found  in 
the  solution  in  the  state  of  arsenious  acid, 

ASH3  +  -I-  Qkgm^  =  H3ASO3  +  6HNO3  +  3Ag^; 

while  antimony,  if  present,  will  be  found  in  the  black  precipitate 
that  has  fallen,  according  to  the  following  equation  : 

SbH3  +  3Ag^^03  =  SbAg3  +  3HI^03. 

The  arsenious  radical  may  be  detected  in  the  clear,  filtered, 
supernatant  liquid,  which  still  contains  much  nitrate  of  silver, 
by  cautiously  neutralizing  with  a  very  dilute  solution  of  am- 
monia, or  by  adding  a  few  drops  of  solution  of  ammonio-nitrate 
of  silver,  yellow  arsenite  of  silver  being  produced.  The  antimony 
may  be  detected  by  washing  the  black  precipitate,  boiling  it  in  an 
open  dish  with  solution  of  tartaric  acid,  filtering,  acidulating  with 
hydrochloric  acid,  and  passing  sulphuretted  hydrogen  through  the 
solution, — the  orange  sulphide  of  antimony  being  precipitated 
(Hofmann). 

Second  process, — Obtain  the  metallic  deposit  in  the  middle  of 
the  delivery-tube  as  already  described  nnder  Marsh's  test.  Act 
on  the  deposit  by  sulphuretted  hydrogen  gas,  and  then  by  hydro- 
chloric acid  gas,  as  detailed  in  the  third  analytical  reaction  of 
antimony  (p.  200).  If  both  arsenicum  and  antimony  are  pre- 
sent, the  deposit,  after  the  action  of  sulphuretted  hydrogen,  will 
be  found  to  be  of  two  colours,  the  yellow  sulphide  of  arsenicum 
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being  usually  further  removed  from  the  heated  portion  of  the  tube 
than  the  orange  sulphide  of  antimony.  Moreover  subsequent 
action  of  hydrochloric  acid  gas  causes  disappearance  of  the  anti- 
monial  deposit,  which  is  converted  into  chloride  of  antimony  and 
carried  off  in  the  stream  of  gas. 

The  chief  objection  to  this  process  is  the  liability  of  the 
operator  mistaking  sulphur,  deposited  from  the  sulphuretted 
hydrogen  gas  by  heat,  for  sulphide  of  arsenicum.  But  the  presence 
or  absence  of  arsenicum  is  easily  confirmed  by  applying  Fleit- 
mann's  test  to  the  original  solution,  while  the  process  is  most 
useful  for  the  detection  of  a  small  quantity  of  a  salt  of  antimony 
when  mixed  with  much  arsenical  compounds. 


The  laboratory  student  may  now  proceed  to  the  analysis  of 
aqueous  solutions  of  salts  of  any  of  the  metallic  elements  hitherto 
considered.  The  method  followed  may  be  that  for  the  separation 
of  the  previous  three  groups,  sulphuretted  hydrogen  being  first 
passed  through  the  solution  to  throw  out  arsenicum  and  antimony. 
The  whole  scheme  of  analysis  is  given  on  the  next  page.  Three 
or  four  solutions  should  be  examined  before  proceeding  to  the 
last  group  of  metals. 

Learners  who  have  no  opportunity  of  working  at  practical 
analysis  will  gain  much  knowledge  by  endeavouring,  not  to  re- 
member, but  to  understand  these  methods  of  separating  elements 
from  each  other  in  a  solution  containing  several  compounds. 


aUESTIONS  AND  EXEECISES. 

267.  What  is  the  composition  and  source  of  the  Black  An- 
timony of  pharmacy  ? 

268.  In  what  alloys  is  metallic  antimony  a  characteristic 
ingredient  ? 

269.  "What  is  the  quantivalence  of  antimony  as  far  as  indicated 
by  the  formulae  of  the  official  preparations  ? 

270.  Ey  a  diagram  show  how  "  Butter  of  Antimony  "  is  pre- 
pared. 

271.  Write  out  equations  or  diagrams  expressive  of  the  reac- 
tions which  occur  in  converting  chloride  of  antimony  into  oxide. 

272.  What  is  the  formula  of  Tartar  Emetic? 


CHART  FOR  FOUR  GROUPS. 
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273.  Explain  the  official  process  for  the  preparation  of  Oxy- 
sulphide  of  Antimony  (Antimonium  SuJphuratum,  B.  P.)  by  aid 
of  diagrams. 

274.  Give  a  comparative  statement  of  the  tests  for  arsenicum 
and  antimony. 

275.  How  is  antimony  detected  in  the  presence  of  arsenicum  ? 

276.  How  may  arsenicum  and  iron  be  distinguished  analy- 
tically ? 

277.  Describe  a  method  by  which  antimony,  magnesium,  and 
iron  may  be  separated  from  each  other. 

278.  Draw  out  an  analytical  chart  for  the  examination  of  an 
aqueous  liquid  containing  salts  of  arsenicum,  zinc,  calcium,  and 
ammonium. 


COPPEE,  MEECUEY,  LEAD,  SILVEE. 

These  metals,  like  arsenicum  and  antimony,  are  precipitated 
from  acidified  solutions  by  s"alphuretted  hydrogen,  in  the  form  of 
sulphides ;  but  the  sulphides,  unlike  those  of  arsenicum  and 
antimony,  are  insoluble  in  alkalies.  The  atom  of  copper  is 
usually  bivalent,  Cu" ;  mercury  bivalent  in  the  mercuric  salts, 
Hg",  and  univalent  in  the  mercurous  salts,  Hg'  ;  lead  some- 
times quadrivalent,  Pb"",  but  generally  exerting  only  bivalent 
activity,  Pb";  and  silver  univalent,  Ag'. 

COPPEE. 

Symbol  Cu.    Atomic  weight  63*5.'' 

Source. — The  commonest  ore  of  this  metal  is  copper  pyrites,  a 
double  sulphide  of  copper  and  iron,  raised  in  Cornwall ;  Australia 
and  Russia  supply  malacliite,  a  mixed  carbonate  and  hydrate ; 
much  ore  is  also  imported  from  South  America.  It  is  smelted  in 
enormous  quantities  at  Swansea,  South  Wales,  a  locality  pecu- 
liarly fitted  for  the  operation  on  account  of  its  proximity  to  the 
coal-fields,  and  its  position  as  a  sea-coast  town — these  advan- 
tages at  all  times  insuring  cheap  fuel  and  freightage  to  the 
different  metallurgical  establishments. 

Alchemy, — The  alchemists  termed  this  metal  Venus,  perhaps 
on  account  of  the  beauty  of  its  lustre,  and  gave  it  her  symbol  ®, 
a  compound  hieroglyphic  also  indicating  a  mixture  of  gold  ©  and 
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a  certain  hypothetical  substance  called  acrimony  ^ ,  the  corrosive 
nature  of  which  was  symbolized  by  the  points  of  a  Maltese  cross. 
To  this  day  the  blue  show-bottle  in  the  shop-window  of  the 
pharmacist  is  occasionally  ornamented  by  such  a  symbol,  indi- 
cative, possibly,  of  the  fact  that  the  blue  liquid  in  the  vessel  is  a 
preparation  of  copper. 

Coinage. — The  material  of  our  "  copper"  coinage  is  now  a  bronze 
mixture  composed  in  100  parts  by  weight  of  95  copper,  4  tin, 
and  1  zinc,  the  same  as  in  the  copper  coinage  of  France.  The 
penny  is  coined  at  the  rate  of  48  pence  in  one  pound  avoirdupois, 
of  7000  grains  or  453-6  grammes ;  the  halfpenny  at  80  in  the 
pound  avoirdupois,  and  the  farthing  at  160.  British  bronze  coins 
are  a  legal  tender  in  payments  to  the  amount  of  Is. 

Metallic  Copper  (Cuprum,  B.  P.)  in  the  form  of  fine  wire, 
about  Fo.  25,  is  used  in  preparing  Spiritiis  JStheris  Nitrosi,  B.  P. 
Copper  Foil,  B.  P.,  is    pure  metallic  copper,  thin  and  bright." 

Qmntivalence. — Copper  forms  two  classes  of  salts ;  in  one  the 
atom  is  bivalent  (Cu"),  in  the  other  exerts  univalent  activity 
(Cug").  The  former  are  of  primarj^  importance,  the  latter  being 
for  the  most  part  unstable  and  wanting  in  technical  interest. 
Their  compounds  are  distinguished  as  cupric  and  cuprous  ;  but 
those  of  the  higher  class  only  have  general  interest,  and  will 
be  almost  exclusively  alluded  to  in  the  following  paragraphs. 
Cuprous  iodide  (Cu^I^)  will  be  subsequently  referred  to  as  a  con- 
venient form  in  which  to  remove  iodine  from  solution,  and  the 
formation  of  cuprous  oxide  (Cu^O),  under  given  circumstances, 
as  an  indicator  of  the  presence  of  sugar  in  a  liquid. 

Eeaction's  having  (a)  Stn-thetical  aj^b  (h)  An-alytical 
Inteeest. 

(a)  Synthetical  Reactions. 
The  processes  for  the  following  salts  include  the  only  synthe- 
tical reactions  having  any  medical  or  pharmaceutical  interest :  

1,  cupric  oxide,  the  black  oxide  of  copper,  prepared  by  heating 
a  piece  of  copper  to  low  redness  on  a  piece  of  earthenware  in  an 
open  fire ;  2,  cupric  sulphate,  the  common  sulphate  of  copper, 
prepared  by  boiling  black  oxide  and  about  an  equal  weight  of 
feulphuric  acid  in  water,  filtering,  and  setting  aside  the  solution 
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SO  that  crystals  may  form  on  cooling  ;  and,  3,  ammonio- sulphate 
of  copper,  for  the  preparation  of  which  see  pages  190  and  209. 

Cu,    +    0,    =  2CuO 

Copper.        Oxygen.       Cuprie  oxide. 

CuO    -f    H^SO,    =    CuSO,    +  H,0 

Cuprie  Sulphuric  Cuprie  Water, 

oxide.  acid.  sulphate. 

Sulphate  of  Copper  { Cupri  Sulphas,  B.  P.)  (CuSO^,  SH^O), 
hlue  vitriol,  hhiestone,  or  cuprie  sulphate,  is  the  only  copper  salt 
of  much  importance  in  Pharmacy.  It  is  a  by-product  in  silver- 
refiniug  (2Ag^S0,H-Cu2=2CuS0,  +  2Ag^).  It  is  also  formed  by 
roasting  copper  pyrites.  In  the  latter  operation  sulphide  of  iron 
and  sulphide  of  copper  are  oxidized  to  sulphates ;  but  the  low- 
red  heal",  finally  employed  decomposes  the  sulphate  of  iron,  while 
the  sulphate  of  copper  is  unaffected ;  it  is  purified  by  crystal- 
lization from  a  hot  aqueous  solution,  though  frequently  much 
sulphate  of  iron  remains  in  the  crystals.  Sulphate  of  copper 
results  on  dissolving  in  diluted  sulphuric  acid  the  black  oxide 
(CuO)  obtained  in  annealing  copper  plates  (see  above  equation)  ; 
it  may  also  be  prepared  bv  boiling  copper  with  three  times  its 
weight  of  sulphuric  acid  (211^80,  -f  Cu  =  CuSO,  +  SO^  +  2H,0), 
diluting,  filtering,  evaporating,  and  crystallizing. 

Anhydrous  Sulphate  of  Copper,  B.  P.  (CuSO^),  is  a  yellowish- 
white  powder  prepared  by  depriving  the  ordinary  blue  crystals 
of  sulphate  of  copper  of  their  water  of  crystallization  by  exposing 
to  a  temperature  of  about  400^  F.  It  is  used  in  testing  alcohol 
and  similar  spirituous  liquids  for  water,  becoming  blue  if  the 
latter  be  present. 

Verdi rjris  (from  verde-gris^  Sp.,  green-grey)  is  a  Subacetate 
or  Oxyacetate  of  Copper  (B.  P.)  {Q\\fi2Q^%0^),  obtained  by 
exposing  alternate  layers  of  copper  and  fermenting  refuse  grape- 
husks  to  the  action  of  air.  Digested  with  twice  its  weight  of 
acetic  acid  and  a  little  water,  the  mixture  being  evaporated  to 
dryness  and  the  residue  dissolved  in  water,  it  forms  the  official 
Solution  of  Acetate  of  Copper  (Cu2C,H^02). 

The  modes  of  forming  Cuprie  Sulphide,  Hydrate,  Oxide,  Ferro- 
cyanide,  and  Arsenite,  as  well  as  Metallic  Coppe/r,  are  incidentally 
alluded  to  in  the  following  analytical  paragraphs. 

Qy)  'Reactions  having  Analytical  Interest  (Tests), 
First  Analytical  Eeaction, — Pass  sulphuretted  hydrogen  through 
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an  acidified  solution  of  a  copper  salt  (sulphate,  for  example) ; 
black  cupric  sulphide  (CuS)  falls. 

Second  Analytical  Reaction, — Add  sulphydrate  of  ammonium  to 
an  aqueous  copper  solution ;  cupric  sulphide  is  again  precipitated, 
insoluble  in  excess. 

Note. — Cupric  sulphide  is  not  altogether  insoluble  in  sulphy- 
drate of  ammonium  if  free  ammonia  or  much  ammoniacal  salt  be 
present ;  it  is  quite  insoluble  in  the  fixed  alkaline  sulphydrates. 

Third  Analytical  Reaction. — Immerse  a  piece  of  iron  or  steel, 
such  as  the  point  of  a  penknife  or  a  piece  of  wire,  in  a  few  drops 
of  a  copper  solution ;  the  copper  is  deposited,  of  characteristic 
colour,  an  equivalent  quantity  of  iron  passing  into  solution. 

By  this  reaction  copper  may  be  recovered  on  the  large  scale 
from  waste  solutions,  old  hoop  or  other  scrap  iron  being  thrown 
into  the  liquors. 

Fourth  Analytical  Reaction. — Add  ammonia  to  a  cupric  solu- 
tion ;  cupric  hydrate  (Cu2H0)  of  a  light-blue  colour  is  preci- 
pitated. Add  excess  of  ammonia  ;  the  precipitate  is  redissolved, 
forming  a  blue  solution  of  ammonio-salt  of  copper,  so  deep  in 
colour  as  to  render  ammonia  an  exceedingly  delicate  test  for  this 
metal. 

An  ammonio-sulphate  of  copper  may  be  obtained  in  large 
crystals  by  adding  strongest  solution  of  ammonia  to  powdered 
sulphate  of  copper  until  the  salt  is  dissolved,  placing  the  liquid 
in  a  test-glass  or  cylinder,  cautiously  pouring  in  twice  its  volume 
of  strong  alcohol  or  methylated  spirit,  taking  care  that  the  liquids 
do  not  become  mixed,  tying  over  the  vessel  with  bladder,  and 
setting  aside  for  some  weeks  in  a  cool  place.  (Wittstein.)  The 
constitution  of  ammonio-sulphate  and  other  ammonio-salts  of 
copper  and  corresponding  salts  of  silver  will  be  alluded  to  in 
connexion  with  "  white  precipitate,"  the  oflicial  ammoniated 
mercury." 

Fifth  Analytical  Reaction. — Add  solution  of  potash  or  soda  to 
a  cupric  solution ;  cupric  hydrate  (Cu2B[0)  is  precipitated,  inso- 
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luble  in  excess.  Eoil  the  mixture  in  the  test-tube ;  the  hydrate 
is  decomposed,  losing  the  elements  of  water,  and  becoming  the 
black  anhj^drous  oxide  (CuO). 

Sixth  Analytical  Reaction. — Add  solution  of  ferrocyanide  of 
potassium  (K^Ecy)  to  an  aqueous  cupric  solution  ;  a  reddish- 
brown  precipitate  of  cupric  ferrocyanide  (Cu^Fcy)  falls.  This 
also  is  a  delicate  test  for  copper. 

Seventh  Analytical  Reaction. — To  a  cupric  solution  add  solution 
of  arsenic,  and  cautiously  neutralize  with  alkali ;  green  cupric 
arsenite  (CuHAsOg)  falls. 

Note. — This  precipitate  has  been  already  mentioned  under  arse- 
nicum.  An  arsenicum  salt  is  thus  a  test  for  copper,  as  a  copper 
salt  is  for  arsenicum, — a  remark  that  may  obviously  be  extended 
to  most  analytical  reactions ;  for  the  body  acted  upon  cJiaracter- 
istically  hy  a  reagent  is  as  good  a  test  for  the  reagent  as  the  reagent 
is  for  it ;  indeed  it  becomes  a  reagent  when  the  other  body  is 
the  object  of  search. 

Antidotes. — In  cases  of  poisoning  by  compounds  of  copper, 
iron  filings  should  be  administered,  the  action  of  which  has  just 
been  explained  (see  third  analytical  reaction).  Ferrocyanide 
of  potassium  may  also  be  given  (see  sixth  analytical  reaction). 
Albumen  forms  with  copper  a  compound  insoluble  in  water; 
hence  raw  eggs  should  be  swallowed,  vomiting  being  induced  or 
the  stomach-pump  applied  as  speedily  as  possible. 


QUESTIOlSrS  AND  EXERCISES. 

279.  What  are  the  relations  of  copper,  mercury,  lead,  and 
silver  to  each  other  and  to  arsenicum  and  antimony  ? 

280.  Name  the  sources  of  copper. 

281.  What  proportion  of  copper  is  contained  in  English  and 
Erench    copper  "  coins  ? 

282.  Give  diagrams  showing  how  Sulphate  of  Copper  is  pre- 
pared on  the  small  and  large  scales. 
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283.  Work  out  a  sum  showing  how  much  Crystallized  Sul- 
phate of  Copper  may  be  obtained  from  100  parts  of  sulphide. — 

I     Ans,  2611 

284.  How  may  Oxide  of  Copper  be  prepared  ? 

285.  Mention  the  formula  of  Verdigris. 

286.  N'ame  a  good  clinical  test  for  copper. 

287.  What  is  the  analytical  position  of  copper? 

288.  Mention  the  chief  tests  for  copper. 

289.  How  may  copper  be  separated  from  arsenicum  ? 

290.  Why  is  finely  divided  iron  an  effective  antidote  in  cases 
of  poisoning  by  copper  ? 

MEECUEY. 

Symbol  Hg.    Atomic  weight  200. 

Molecular  weight  200  (not  double  the  atomic  weight). 

Source. — Mercury  occurs  in  nature  as  sulphide  (HgS),  forming 
the  ore  cinnabar  (an  Indian  name  expressive  of  something  red), 
and  is  obtained  from  Spain,  California,  Eastern  Hungary,  China, 
Japan,  and  Peru. 

Preparation. — The  metal  is  separated  by  roasting  off  the  sul- 
phur and  then  distilling,  or  distilling  with  lime,  which  combines 
with  and  retains  the  sulphur. 

Properties.' — Mercury  (Hydrargyrum,  B.  P.)  is  a  silver- white, 
lustrous  metal,  liquid  at  common  temperatures.  It  boils  at 
662°  P.,  and  at  —40°  P.  solidifies  to  a  malleable  mass  of  octa- 
hedral crystals.  When  quite  free  from  other  metals  it  does  not 
tarnish,  and  its  globules  roll  freely  over  a  sheet  of  white  paper 
without  leaving  any  streak  or  losing  their  spherical  form. 

Formula. — The  formula  of  the  mercury  molecule  is  Hg  and 
not  Hg^,  because  at  aU  ordinary  temperatures  two  volumes, 
which  if  hydrogen  would  weigh  two  parts  (H^)  or  oxygen 
thirty- two  parts  (O^),  in  the  case  of  mercury  vapour  weigh  only 
two  hundred  parts  (Hg) ;  that  is,  only  once  the  atomic  weight, 
not  twice.  That  200,  and  not  100,  is  the  atomic  weight  of  mer- 
cury is  shown  by  the  fact  that  200  is  the  minimum  proportion, 
relative  to  1  of  hydrogen,  in  which  mercury  combines,  and  by  its 
relations  to  heat.  Still  it  is  difficult  to  imagine  an  atom 
existing  in  the  free  state  in  nature ;  and  the  suggestion  has  been 
made  that  (as  is  proved  to  be  the  case  with  sulphur)  mercury,  as 
we  know  it,  is  in  abnormal  condition,  and  that  if  the  weight  of  its 
vapour  could  be  taken  at  a  low  temperature  or  under  some  other 
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condition,  its  molecular  weight  might  be  found  to  be  400.  Simi- 
lar remarks  may  be  made  respecting  zinc,  the  molecular  weight 
of  which,  so  far  as  we  know,  is  identical  with  its  atomic  weight. 

Medicinal  Compounds. — The  compounds  of  mercury  used  in 
medicine  are  all  obtained  from  the  metal.  The  metal  itself, 
rubbed  with  chalk,  or  with  confection  of  roses  and  powdered 
liquorice-root,  or  with  lard  and  suet,  until  globules  are  not 
visible  to  the  unaided  eye,  is  often  used  in  medicine.  The  pre- 
parations are  : — the  Hydrargyrum  cum  Creta,  B.  P.,  or  Grey 
Powder  ;  "  Pilula  Hydrargyria  B.  P.,  or  Blue  Pill ;  "  and  Un- 
guentum  Hydrargyria  B.  P.,  or  ^'  Blue  Ointment."  There  are 
also  a  Compound  Ointment,  a  Plaster  of  Mercury,  a  Plaster  of 
Ammoniacum  and  Mercury,  a  Liniment,  and  a  Suppository,  all 
ofiicial.  Their  therapeutic  effects  are  probably  due  to  the  black 
and  red  oxide  which  occur  in  them  through  the  action  of  the 
oxygen  of  the  air  on  the  finely  divided  metal.  The  proportion 
of  oxide  or  oxides  varies  according  to  the  age  of  the  specimen. 

Mercurous  and  Mercuric  Compounds. — Mercury  combines  with 
other  elements  and  radicals  in  two  pro-portions :  those  compounds 
in  which  the  other,  acidulous,  radicals  are  in  the  lesser  amount 
are  termed  mercurous,  the  higher  being  mercuric.  Thus  calomel 
(HgCl)^  is  mercurous  chloride,  while  corrosive  sublimate  (HgCl^) 
is  mercuric  chloride.  In  every  pair  of  mercury  compounds  the 
mercuric  contains  twice  as  much  complementary  radical,  in  pro- 
portion to  the  mercury,  as  the  mercurous. 

Note  on  Nomenclature. — The  remarks  made  concerning  the  two 
classes  of  iron  salts,  ferrous  and  ferric  (p.  149),  apply  in  the  main 
to  the  two  series  of  mercury  salts.  The  latter  are  systematically 
distinguished  in  most  modern  works  by  the  terms  mercurous  and 
mercuric.  In  the  British  Pharmacopoeia,  however,  which  includes 
only  a  few  in  comparison  with  the  whole  number  of  mercury 
salts,  older  and  more  strongly  contrasted  names  are  employed, 
thus : — 

Systematic  names.  Official  names. 

Mercurous  iodide    Green  iodide  of  mercury. 

Mercuric  iodide    Bed  iodide  of  mercury. 

Mercurous  nitrate    Not  mentioned  in  B.  P. 

Mercuric  nitrate   Nitrate  of  mercury. 

Mercurous  sulphate    Not  mentioned  in  B.  P. 

Mercuric  sulphate    Sulphate  of  mercury. 

*  The  specific  gravity  of  the  vapour  of  calomel,  and  the  fact  that  the  salt 
is  not  decomposed  at  the  temperature  at  which  its  specific  gravity  is  taken, 
indicate  that  the  formula  of  calomel  is  HgCl,  and  not  Hg2Cl2. 
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Systematic  names. 
Mercurous  chloride 


Official  names. 


Mercuric  chloride 
Mercurous  oxide  . 
Mercuric  oxide  . 


Subchloride  of  mercury. 
Perchloride  of  mercury. 
Elack  oxide  of  mercury. 
Eed  oxide  of  mercur}^ 


Specific  Gravity, — Mercury  is  13-6  times  as  heavy  as  water. 

Amalgams, — The  compound  formed  on  fusing  metals  together 
is  usually  termed  an  alloy  (ad  and  ligo^  to  bind) ;  but  if  mercury 
is  a  constituent,  an  amalgam  (jadXay jma,  malagma,  from  fjiaXdaauj, 
malassd,  to  soften,  the  presence  of  mercury  lowering  the  melting- 
point  of  such  a  mixture).  Most  metals,  even  hydrogen,  accord- 
ing to  Loew,  form  amalgams. 

Eeactions  haying  (a)  Synthetical  and  (b)  Analytical 
Inteeest. 

{a)  Synthetical  Reactions, 
The  two  Iodides. 
First  Synthetical  Reaction, — Eub  together  a  small  quantity  of 
mercury  and  iodine,  controlling  the  rapidity  of  combination  by 
adding  a  few  drops  of  spirit  of  wine,  which,  by  evaporation, 
absorbs  heat,  and  thus  keeps  down  temperature.  The  product 
is  either  mercuric  iodide,  mercurous  iodide,  or  a  mixture  of  the 
two,  as  well  as  mercury  or  iodine  if  excess  of  either  has  been 
employed.  If  the  two  elements  have  been  previously  weighed  in 
single  atomic  proportions,  200  of  mercury  to  127  of  iodine  (about 
8  to  5,  or  1  ounce  of  mercury  to  278  grains  of  iodine),  the  mer- 
curous or  green  (greyish-green)  iodide  results,  Hgl  {Hyclrargyri 
lodidum  Viride,  E.  P.) ;  if  in  the  proportion  of  one  atom  of  mer- 
cury to  two  atoms  of  iodine  (200  to  twice  127,  or  about  4  to  5), 
the  mercuric  or  red  iodide,  Hgl^,  results,  an  iodide  that  is  also 
official,  but  made  in  another  way  (see  p.  215).  The  green  iodide 
should  be  made  and  dried  (without  heat)  with  as  little  exposure 
to  light  as  possible. 

Mercurous  iodide  is  decomposed  slowly  by  light,  and  quickly  by 
heat,  into  mercuiic  iodide  and  mercury.    Mercuric  iodide  occur- 
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ring  as  an  impurity  in  merciirous  iodide  may  be  detected  by  di- 
gesting in  ether  (in  Avhich.  merenrous  iodide  is  insoluble),  filtering, 
and  evaporating  to  dryness  ;  mercuric  iodide  remains.  Mercuric 
iodide  is  stable,  and  may  be  sublimed  in  scarlet  crystals  without 
decomposition.  (For  details  of  the  method  by  which  a  specimen 
of  the  crystals  may  be  obtained,  and  the  precautions  to  be  ob- 
served, vide  "  corrosive  sublimate,"  p.  218.) 

Relation  of  Mercuric  Iodide  to  Light, — In  condensing,  mercuric 
iodide  is  at  first  yellow,  afterwards  acquiring  its  characteristic  scar- 
let colour.  This  maybe  shown  by  smearing  or  rubbing  a  sheet  of 
white  paper  with  the  red  iodide,  and  then  holding  the  sheet  before 
a  fire  or  over  a  flame  for  a  few  seconds.  As  soon  as  the  paper 
becomes  hot  the  red  instantly  changes  to  yellow,  and  the  salt 
does  not  quickly  regain  its  red  colour,  even  when  cold,  if  the 
paper  is  carefully  handled.  Eut  if  a  mark  be  made  across  the 
sheet  by  any  thing  at  hand,  or  the  salt  be  pressed  or  rubbed  in 
any  way,  the  portions  touched  immediately  return  to  the  scarlet 
condition.  According  to  Warington,  this  change  is  consequent 
upon  rhomboidal  crystals  being  converted  into  octahedra  with  a 
square  base,  and  will  serve  as  an  excellent  illustration  of  the 
influence  of  physical  structure  in  causing  colour.  The  yellow 
modification  so  acts  on  the  rays  of  white  light  shining  on  its 
particles  as  to  absorb  the  violet  and  reflect  the  complementary 
hue,  the  yellow,  which,  entering  the  eye  of  the  observer,  strikes 
his  retina,  and  thus  conveys  to  the  brain  the  impression  of  yel- 
lowness ;  and  the  red  modification,  though  actually  the  same 
chemical  substance,  is  sufliciently  difierent  in  the  structure  of  its 
particles  to  absorb  the  green  constituent  of  white  light  and  re- 
flect the  complementary  ray,  the  red. 

Illustration  of  the  Chemical  law  of  Multiple  Proportions  (p.  42). 
— Applying  the  atomic  theory  to  the  above  iodides,  it  will  at 
once  be  apparent  why  mercury  and  iodine  should  combine  in  the 
proportion  of  200  of  mercury  with  either  127  or  254  of  iodine, 
and  not  with  any  intermediate  quantity.  Por  it  is  part  of  that 
theory  that  masses  are  composed  of  atoms,  and  that  atoms  are 
indivisible,  and  that  the  weight  of  the  atom  of  mercury  is  to  that 
of  iodine  as  200  is  to  127.  Mercury  and  iodine  can  only  com- 
bine, therefore,  in  atomic  proportions,  atom  to  atom  (which  is  the 
same  as  200  to  127),  or  one  atom  to  two  atoms  (which  is  the  same 
as  200  to  254).  To  attempt  to  combine  them  in  any  intermediate 
proportion  would  be  useless,  a  mere  mixture  of  the  two  iodides 
would  result.  A  higher  proportion  of  mercury  than  200  to  127 
of  iodine  gives  but  a  mixture  of  mercurous  iodide  and  mercury ; 
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a  higher  proportion  of  iodine  than  254  to  200  of  mercury  gives 
but  a  mixture  of  mercuric  iodide  and  iodine.  Or,  for  example, 
200  grains  of  mercury  mixed  with,  say,  200  of  iodine  would 
yield  139  grains  of  mercurous  iodide  and  261  grains  of  mercuric 
iodide ;  for  the  200  grains  of  mercury  uniting  with  127  grains  of 
the  iodine  gives,  for  the  moment,  327  grains  of  mercurous  iodide 
and  73  grains  of  iodine  still  free.  The  73  grains  of  iodine  will 
immediately  unite  with  188  grains  of  the  mercurous  iodide  (for  if 
127  of  I  require  327  of  Hgl  to  form  Hgl^,  73  will  require  188), 
and  form  261  grains  of  mercuric  iodide,  diminishing  the  327 
grains  of  mercurous  iodide  to  139  grains. 

Preparation  of  Red  Iodide  of  Mercury  hy  precipitation. — To  a 
few  drops  of  a  solution  of  a  mercuric  salt  (corrosive  sublimate, 
for  example)  add  solution  of  iodide  of  potassium,  drop  by  drop  ; 
a  precipitate  of  mercuric  iodide,  Hgl^,  forms,  and  at  first  quickly 
redissolves,  but  is  permanent  when  sufficient  iodide  of  potassium 
has  been  added.  Continue  the  addition  of  iodide  of  potassium ; 
the  precipitate  is  once  more  redissolved. 

Notes. — "When  first  precipitated,  mercuric  iodide  is  yellowish 
red,  but  soon  changes  to  a  beautiful  scarlet.  Its  solubility  either 
in  solution  of  the  mercuric  salt  or  in  solution  of  iodide  of  potas- 
sium renders  the  detection  of  a  small  quantity  of  a  mercuric  salt 
by  iodide  of  potassium,  or  a  small  quantity  of  an  iodide  by  a 
mercuric  solution,  difficult,  and  hence  lessens  the  value  of  the 
reaction  as  a  test.  Eut  the  reaction  has  synthetical  interest,  the 
method  by  precipitation  being  that  adopted  in  the  British  Phar- 
macopoeia {Hydrargyri  lodidum  Uuhrum,  B.  P.).  Mercuric 
iodide  thus  made  has  the  same  composition  as  that  prepared 
by  direct  combination  of  its  elements.  Equivalent  propor- 
tions of  the  two  salts  must  be  used  in  making  the  preparation 
(HgCl2=271;  2KI  =  332).  About  4  parts  of  corrosive  subli- 
mate are  dissolved  in  50  or  60  of  water  (warmth  quickens  solu- 
tion) and  5  of  iodide  of  potassium  in  15  or  20  of  water,  the 
solutions  mixed  and  the  precipitate  collected  on  a  filter,  drained, 
washed  twice  with  distilled  water,  and  dried  on  a  plate  over  a 
water-bath.  The  mercury  in  mercuric  or  mercurous  iodide  is 
set  free  and  sublimes  in  globules  on  heating  either  powder  with 
dried  carbonate  of  sodium  in  a  test-tube;  the  iodine  may  be 
detected  by  digesting  with  solution  of  soda,  filtering,  and  to  the 
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solution  of  iodide  of  sodium  thus  formed  adding  starch,  paste  and 
acidulating  with  nitrous  acid,  when  blue  iodide  of  starch  results. 

HgCl,^    +    2X1    =    Hgl,    +  2KC1 

Mercuric  Iodide  of  Mercuric  Chloride  of 

chloride.  iDotassium.  iodide.  potassium. 

Mercuric  iodide  is  insoluble  in  water,  slightly  soluble  in  alcohol, 
tolerably  soluble  in  ether.  Precipitated  red  iodide  of  mercury 
mixed  with  white  wax,  lard,  and  oil  forms  the  Unguentum 
Hydrargyri  lodicli  Ruhri,  B.  P.  Donovan^s  Solution  contained 
mercuric  and  arsenious  iodides. 

The  two  Nitrates. 

Second  Synthetical  Beaction. — Mix  a  little  nitric  acid  in  a  test- 
tube  with  four  or  five  times  its  bulk  of  water,  add  a  small  globule 
of  mercury,  and  set  the  tube  aside  for  a  few  hours,  in  a  cool 
place ;  solution  of  mercurous  nitrate  (Hgl^O^)  will  be  formed, 
and  nitric  oxide  (NO)  evolved.  The  solution  may  be  retained 
for  subsequent  analytical  operations. 

Hg3  +  4H]Sr03  ==  SJigm,  +  2H^0  +  NO. 
Third  Syntheticcd  Reaction. — Place  mercury  in  strong  nitric 
acid,  and  warm  the  mixture;  mercuric  nitrate  is  formed,  and 
will  be  deposited  in  crystals  as  the  solution  cools.    Eetain  the 
product  for  a  subsequent  experiment. 

The  mercuric  nitrates  vary  somewhat  in  composition,  accord- 
ing to  the  proportion,  strength,  and  temperature  of  the  acid  used 
in  their  formation.  A  mercuric  nitrate  may  be  obtained  having 
the  formula  Hg2N03. 

Hg^    +    8HjS'03    =    3(Hg2TO3)    +    2IsrO    +  4Hp 

Mercury.  Nitric  Mercuric  Nitric  Water, 

acid.  nitrate.  oxide. 

Mercuric  oxynitrates. — From  the  normal  mercuric  nitrate 
several  oxynitrates  may  be  obtained.  Thus  on  merely  evapora- 
ting a  solution  of  mercuric  nitrate,  and  cooling,  crystals  having 
the  formula  HggOgGjN'Og  are  deposited.  The  latter,  by  wash- 
ing with  cold  water,  yield  a  yellow  pulverulent  oxynitrate, 
Hgg 0^41^03  •  iiii^^d  with  lard,  this  has  sometimes  been  used  as 
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an  ointment.    Boiled  in  water,  the  jellow  gives  a  hrick-red  oxy- 
nitrate,  Hgg052N03. 

The  Pharmacopoeial  preparations  of  mercuric  nitrate  are  Liquor 
Hydrargyri  Nitratus  Acidus  and  Unguentum  Hydrargyri  Nitratis, 
The  former  is  made  by  placing  four  ounces  of  mercury  in  five 
fluid  ounces  of  nitric  acid  diluted  with  an  ounce  and  a  half  of 
water,  and,  when  the  metal  is  dissolved,  boiling  gently  for  fifteen, 
minutes. 

The  two  Sulphates. 

Fourth  Synthetical  Reaction, — Boil  two  or  three  grains  of  mer- 
cury with  a  few  drops  of  strong  sulphuric  acid  in  a  test-tube,  or, 
better,  small  dish ;  sulphurous  acid  gas  (SO^)  is  evolved,  and  mer- 
curic sulphate  {Hydrargyri  Suljphas,  B.  P.)  (HgSO^)  results — a 
white  heavy  crystalline  powder. 

Hg    +    2H,S0,    =    HgSO,    +    SO,    +  2H.p 

Mercury.  Sulphuric  Mercuric         Sulphurous  Water, 

acid.  sulphate.  acid  gas. 

Between  two  and  three  ounces  of  mercuric  sulphate  may  be 
prepared  from  a  fluid  drachm  of  mercury  and  a  fluid  ounce  of 
sulphuric  acid  boiled  together  in  a  small  dish.  These  are  the 
official  proportions.  The  operation  is  completed  and  any  excess 
of  acid  removed  by  evaporating  the  mixture  of  metal  and  liquid 
to  dryness,  either  in  the  open  air  or  in  a  fume-chamber,  sulphuric 
acid  vapours  being  excessively  irritating  to  the  mucous  membrane 
of  the  nose  and  throat ;  dry  crystalline  mercuric  sulphate  remains. 
If  residual  particles  of  mercury  are  observed,  the  mass  should  be 
damped  with  sulphuric  acid  and  again  heated. 

By-products, — In  chemical  manufactories,  secondary  products, 
such  as  the  sulphurous  gas  of  the  above  reaction,  are  termed  hy- 
products,  and,  if  of  value,  are  utilized.  In  the  present  case  the 
gas  is  of  no  immediate  use,  and  is  therefore  allowed  to  escape. 
When  very  pure  sulphurous  acid  gas  is  required  for  experiments 
on  the  small  scale,  this  would  be  the  best  method  of  making  it, 
a  delivery-tube  being  adapted  by  a  cork  to  the  mouth  of  a  flask 
containing  the  acid  and  metal.  The  sulphate  of  mercury  would 
then  become  the  by-product. 
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Mercuric  oxysulpJiate, — "Water  decomposes  mercnric  sulphate 
into  a  soluble  acid  salt  and  an  insoluble  yellow  oxysulphate 
(Hg^O^SO^).  The  latter  is  called  Turpetli  mineral^  from  its  re- 
semblance in  colour  to  the  powdered  root  of  Ipomcea  turpethum, 
an  Indian  substitute  for  jalap.  The  yellow  sulphate  of  mercury 
was  formerly  official,  but  is  now  seldom  used. 

Fifth  Synthetical  Reaction, — Eub  a  portion  of  the  dry  mer- 
curic sulphate  of  the  previous  reaction  with  as  much  mercury  as 
it  already  contains ;  the  product,  when  the  two  have  thoroughly 
blended,  is  mercurous  sulphate  (Hg^SO^) :  it  may  be  retained  for 
a  subsequent  experiment. 

Molecular  Weight, — The  exact  proportion  of  mercury  to  sul- 
phate is  merely  a  matter  of  calculation ;  for  the  combining  pro- 
portion of  a  compound  (if  it  possess  any  combining-power)  is  the 
sum  of  the  combining  proportions  of  its  constituents.  In  other 
words,  the  combining  weight  of  a  molecule  is  simply  the  sum  of  the 
weights  of  its  constituent  atoms,  or,  more  generally,  the  molecular 
weight  of  a  compound  is  the  sum  of  the  atomic  weights  of  its  ele- 
ments. In  accordance  with  this  rule  (sometimes  called  the  fourth 
law  of  chemical  combination,  though  only  a  deduction  from  the 
first — p.  41),  296  of  mercuric  sulphate  and  200  of  mercury 
(about  3  to  2)  are  the  exact  proportions  necessary  to  the  forma- 
tion of  mercurous  sulphate. 

The  two  Chlorides. 

Sixth  Synthetical  Reaction. — Mix  thoroughly  a  few  grains  of 
dry  mercuric  sulphate  with  about  four  fifths  its  weight  of  chloride 
of  sodium,  and  heat  the  mixture  slowly  in  a  test-tube  in  a  fume- 
chamber  or  in  the  open  air  to  leeward  of  the  operator ;  mercuric 
chloride  (HgCl^),  or  corrosive  sublimate  {Hydrargyri  Perchlo- 
ridum,  B.  P.),  sublimes  and  condenses  in  the  upper  part  of  the 
tube  in  heavy  colourless  crystals  or  a  crystalline  mass. 

Somewhat  larger  quantities  (in  the  proportion  of  20  of  sulphate 
to  16  of  salt  and,  vide  infra,  1  of  black  oxide  of  manganese)  may 
be  sublimed  in  a  pair  of  two-ounce  or  three-ounce  round-bottom 
gallipots,  the  one  inverted  over  the  other,  and  the  joint  luted 
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by  moist  fireclay  (the  powdered  clay  kneaded  with  water  to  the 
consistence  of  dough).  The  luting  having  been  allowed  to  dry 
(somewhat  slowly,  to  avoid  cracks),  the  pots  are  placed  upright 
on  a  sand-tray  (plate-shape  answers 
very  well),  sand  piled  round  the  lower 
and  a  portion  of  the  upper  pot,  and 
the  whole  heated  over  a  good-sized 
gas-flame  (if  an  air  gas-flame  it  should 
be  an  inch  and  a  half  wide  and  four  or 
five  inches  long)  for  an  hour  or  more 
(see  fig.  36— pots  raised  to  show  joint). 
Eed  Iodide  of  Mercury  and  Calomel  may 
be  sublimed  in  the  same  way.  The 
former  requires  less,  the  latter  more, 
heat  than  corrosive  sublimate. 

HgSO,    4-    2KaCl    =    HgCl,    +  Na^SO, 

Mercuric  Chloride  of  Mercuric  Sulphate  of 

sulphate.  sodium.  chloride,  sodium. 

Note, — If  the  mercuric  sulphate  contain  any  mercurous  sul- 
phate, some  calomel  may  be  formed.  This  result  will  be  avoided 
if  2  or  3  per  cent,  of  black  oxide  of  manganese  be  previously 
mixed  with  the  ingredients,  the  action  of  which  is  to  eliminate 
chlorine  from  the  excess  of  chloride  of  sodium  used  in  the  process, 
the  chlorine  converting  any  calomel  into  corrosive  sublimate. 
Manganate  of  sodium  and  a  lower  oxide  of  manganese  are 
simultaneously  produced. 

Precaution, — The  operation  is  directed  to  be  conducted  with 
care  in  a  fume-chamber  or  in  the  open  air,  because  the  vapour 
of  corrosive  sublimate,  which  might  possibly  escape,  is  very  acrid 
and  highly  poisonous.  Its  vulgar  name  is  indicative  of  its  pro- 
perties. 

Ten  grains  of  perchloride  of  mercury  and  the  same  quantity 
of  chloride  of  ammonium  in  one  pint  of  water  form  the  Liquor 
Hydrargyri  Perchloridi,  B.  P.  A  dilute  aqueous  solution  of  per- 
chloride of  mercury  is  liable  to  decomposition,  calomel  being  pre- 
cipitated, water  decomposed,  hydrochloric  acid  formed,  and  oxygen 
gas  evolved.    The  presence  of  excess  of  chloride  of  ammonium, 
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■with  a  portion  of  which  the  mercuric  chloride  forms  a  stable 
double  salt,  prevents  the  decomposition. 

Seventh  SyntJietical  Reaction. — Mix  a  few  grains  of  the  mer- 
curous  sulphate  of  the  fifth  reaction  with  about  a  third  of  its 
weight  of  chloride  of  sodium,  and  sublime  in  a  test-tube ;  crys- 
talline mercurous  chloride  (HgCl)  or  calomel  (Hydrargyri  Suh- 
chloriclum,  B.  P.)  results.  Larger  quantities  may  be  prepared 
in  the  manner  directed  for  corrosive  sublimate,  a  somewhat  higher 
temperature  being  employed :  similar  precautions  must  also  be 
observed.  The  official  proportions  are  10  of  mercuric  sulphate 
to  7  of  mercury  and  5  of  dry  chloride  of  sodium.  "  Moisten  the 
sulphate  of  mercury  with  some  of  the  water,  and  rub  it  and  the 
mercury  together  until  globules  are  no  longer  visible  ;  add  the 
chloride  of  sodium,  and  thoroughly  mix  the  whole  by  continued 
trituration.  When  dry,  sublime  by  a  suitable  apparatus  into  a 
chamber  of  such  size  that  the  calomel,  instead  of  adhering  to  its 
sides  as  a  crystalline  crust,  shall  fall  as  a  fine  (dull-white)  powder 
on  its  floor.  "Wash  this  powder  with  boiling  distilled  water 
until  the  washings  cease  to  be  darkened  by  a  drop  of  sulphydrate 
of  ammonium.  Pinally,  dry  at  a  heat  not  exceeding  212°  F.,  and 
preserve  in  a  jar  or  bottle  impervious  to  light." 

Hg^SO,    +    2^TaCl    ^    2HgCl    +  ]^a^SO, 

Mercurous  Chloride  of  Mercurous  Sulphate  of 

sulphate.  sodium.  chloride.  sodium. 

The  term  calomel  (icaXosy  Jcalos,  good,  and  jueXas,  melas,  black) 
is  said  to  relate  to  the  use  of  the  salt  as  a  good  remedy  for  black 
bile,  but  probably  was  simply  indicative  of  the  esteem  in  which 
black  sulphide  of  mercury  was  held,  the  compound  to  which  the 
name  calomel  was  first  applied. 

Test  for  corrosive  sublimate  in  Calomel. — If  the  mercurous  sul- 
phate contains  mercuric  sulphate,  some  mercuric  chloride  will 
also  be  formed.  Corrosive  sublimate  is  soluble  in  water,  calomel 
insoluble ;  the  presence  of  the  former  may  therefore  be  proved  by 
boiling  a  few  grains  of  the  calomel  in  distilled  water,  filtering, 
and  testing  by  sulphuretted  hydrogen  or  sulphydrate  of  ammo- 


MERCURY. 


221 


nium  as  described  hereafter.  If  corrosive  sublimate  is  present, 
the  whole  bulk  of  the  calomel  must  be  washed  with  hot  distilled 
water  till  the  filtrate  ceases  to  give  any  indications  of  mercury. 
Corrosive  sublimate  is  more  soluble  in  alcohol,  and  still  more  in 
ether,  calomel  insoluble.  Ether  in  which  calomel  has  been  di- 
gested should  therefore,  after  filtration,  yield  no  residue  on 
evaporation.  Calomel  is  converted  by  hydrocyanic  acid  into 
mercuric  salt,  with  separation  of  metallic  mercury. 

Note, — The  above  process  is  that  of  the  British  Pharmacopoeia  ; 
but  calomel  may  also  be  made  by  other  methods.  Calomel 
mixed  with  lard  forms  the  Unguentum  Hydrargyri  Suhchloridi, 
E.  P.,  and  with  sulphurated  antimony,  guaiacum  resin,  and 
castor-oil,  the  Pilula  Hydrargyri  Siibchloridi  Gomposita,  B.  P., 
or  "  Plummer's  Pill." 

The  two  Oxides. 

EigTitli  Synthetical  Reaction, — Evaporate  the  mercuric  nitrate 
of  the  third  reaction  to  dryness  in  a  small  dish,  in  a  fume- 
chamber,  or  in  the  open  air  if  more  than  a  few  grains  have  been 
prepared,  and  heat  the  residue  till  no  more  fumes  are  evolved; 
mercuric  oxide  (HgO),  "  Eed  Precipitate,"  the  Red  Oxide  of 
Mercury  {Hydrargyri  Oxidum  Ruhrum,  B.  P.)j  remains. 
2(Kg2m,)    =    2HgO    -f-    4N0^    +  0, 

Mercuric  Mercuric  Nitric  Oxjrgen. 

nitrate.  oxide.  peroxide. 

The  nitric  constituents  of  the  salt  may  be  partially  economized 
by  previously  thoroughly  mixing  with  the  dry  mercuric  nitrate 
as  much  mercury  as  is  used  in  its  preparation,  or  as  much  as  it 
already  contains  (ascertained  by  calculation  from  the  atomic 
weights  and  the  weight  of  nitrate  under  operation,  as  in  making 
mercurous  sulphate),  and  well  heating  the  mixture.  In  this 
case  the  free  mercury  is  also  converted  into  mercuric  oxide.  This 
is  the  official  process,  the  Pharmacopoeial  quantities  being  four 
ounces  of  mercury  dissolved  in  four  and  a  half  fiuid  ounces  of 
nitric  acid  diluted  with  two  ounces  of  water,  the  solution  evapo- 
rated to  dryness,  the  residue  thoroughly  mixed  with  four  ounces 
of  mercury,  and  the  whole  heated  until  acid  vapours  cease  to  be 
evolved.  (Mercuric  oxide  is  tested  for  nitrate  by  heating  a  little 
of  the  sample  in  a  test-tube,  when  orange  nitrous  vapours  are 
produced  and  are  visible  in  the  upper  part  of  the  tube,  if  nitrate 
is  present.) 
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Hg2E'03    +    Hg    =    2HgO    +  2m, 

Mercuric  Mercury.  Mercuric  Nitric 

nitrate.  oxide.  peroxide. 

Mercuric  oxide  is  an  orange-red  powder,  more  or  less  crystal- 
line according  to  the  extent  to  which  it  may  have  been  stirred 
during  preparation  from  the  nitrate,  much  rubbing  giving  the 
crystals  a  pulverulent  character.  Mixed  with  yellow  wax  and 
oil  of  almonds  it  yields  the  Unguentmn  Hydrargyri  Oxidi  Euhri, 
B.  P.  (1  part  in  8).  Mercuric  oxide,  in  contact  with  oxidizable 
organic  matter^  is  liable  to  reduction  to  black  or  mercurous 
oxide. 

.Ninth  SyntTieticcd  Reaction,— To  solution  of  corrosive  sublimate 
in  a  test-tube  or  larger  vessel  add  solution  of  potash  or  soda,  or 
lime-water;  yellow  oxide  of  mercury,  or  mercuric  oxide  (HgO), 
is  precipitated  {Hydrargyri  Oxidum  Flavum,  E.  P.). 

HgCl,    4-    Ca2H0    =    HgO    +    CaCl,    +  H,0. 

Mercuric  Hydrate  of  Mercuric         Chloride  of  Water, 

chloride.  calcium.  oxide.  calcium. 

Eighteen  grains  of  corrosive  sublimate  to  ten  ounces  of  lime- 
water  form  the  Lotio  Hydrargyri  Flava,  B.  P.  The  precipitate 
only  differs  physically  from  the  red  mercuric  oxide ;  the  yellow 
is  in  a  more  minute  state  of  division  than  the  red.  Mercuric 
oxide  is  very  slightly  soluble  in  water,  but  sufiiciently  so  to  com- 
municate a  decidedly  metallic  taste. 

Tenth  Synthetical  Reaction. — To  calomel  add  solution  of  potash 
or  soda,  or  lime-water ;  black  oxide  of  mercury,  or  mercurous 
oxide  (Hg^O),  is  produced,  and  may  be  filtered  off,  washed,  and 
dried.  (This  reaction  and  the  formation  of  a  white  curdy  pre- 
cipitate^ on  the  addition  of  solution  of  nitrate  of  silver  to  the 
filtrate  from  the  mercurous  oxide,  acidified  by  nitric  acid,  form 
sufficient  evidence  of  a  powder  being  or  containing  calomel.  The 
curdy  precipitate  is  chloride  of  silver.) 

Thirty  grains  of  calomel  to  ten  ounces  of  lime-water  form  the 
Lotio  Hydrargyri  Nigra,  B.  P. 

2HgCl    +    Ca2H0    =    Hg^    +    CaCl,    +  lip 

Mercurous  Hydrate  of  Mercurous         Chloride  of  Water, 

chloride.  calcium.  oxide.  calcium. 
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(h)  Analytical  Reactions  (Tests), 
(The  mercury  occurring  as  mercuric  or  mercurous  salt.) 
First  Analytical  Eeaction. — The  Copper  Test.  Deposition  of 
mercury  upon,  and  sublimation  from  copper.  —  Place  a  small 
piece  of  bright  copper,  about  half  an  inch  long  and  a  quarter  of 
an  inch  broad,  in  a  solution  of  any  salt  of  mercury,  mercurous 
or  mercuric,  and  heat  in  a  test-tube  ;  the  copper  becomes  coated 
with  mercury  in  a  fine  state  of  division.  (The  absence  of  any 
notable  quantity  of  nitric  acid  must  be  insured,  or  the  copper 
itself  will  be  dissolved.  See  below.)  Pour  away  the  supernatant 
liquid  from  the  copper,  wash  the  latter  once  or  twice  by  pouring 
water  into,  and  then  out  of,  the  tube,  remove  the  metal,  take  off 
excess  of  water  by  gentle  pressure  in  a  piece  of  filter-paper,  dry 
the  copper  by  passing  it  quickly  through  a  flame,  holding  it  by 
the  fingers  ;  finally,  place  the  copper  in  a  dry  narrow  test-tube, 
and  heat  to  redness  in  a  flame,  the  tube  being  held  in  a  horizontal 
position ;  the  mercury  sublimes  and  condenses  as  a  white  subli- 
mate of  minute  globules  on  the  cool  part  of  the  tube  outside  the 
flame.  The  globules  aggregate  on  gently  pressing  with  a  glass 
rod,  and  are  especially  visible  where  flattened  between  the  rod 
and  the  side  of  the  test-tube. 

Notes  on  the  test, — This  is  a  valuable  test,  for  several  reasons : — 
It  is  very  delicate  when  performed  with  care.  It  brings  before 
the  observer  the  element  itself — one  which,  from  its  metallic 
lustre  and  fluidity,  cannot  be  mistaken  for  any  other.  It  sepa- 
rates the  element  both  from  mercurous  and  mercuric  salts. 
Mercury  can  in  this  way  readily  be  eliminated  in  the  presence 
of  most  other  substances,  organic  or  inorganic. 

In  performing  the  test  the  presence  of  any  quantity  of  nitric 
acid  may  be  avoided  by  adding  an  alkali  until  a  slight  permanent 
precipitate  appears,  and  then  reacidifying  with  a  few  drops  of 
acetic  or  hydrochloric  acid;  or  by  concentrating  in  an  evaporating- 
dish  after  adding  a  little  sulphuric  acid,  and  then  rediluting. 

Tests,  continued.    (The  mercury  occurring  as  mercuric  salt.) 
Second  Analytical  Reaction. — To  a  few  drops  of  a  solution  of 
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a  mercuric  salt  (corrosive  sublimate,  for  example)  add  solution  of 
iodide  of  potassium,  drop  by  drop;  a  precipitate  of  mercuric 
iodide,  Hgl^,  forms,  and  at  first  quickly  redissolves,  but  is  per- 
manent when  sufficient  iodide  of  potassium  has  been  added. 
Continue  tbe  addition  of  iodide  of  potassium ;  the  precipitate  is 
once  more  redissolved. 

Note, — When  first  precipitated,  mercuric  iodide  is  yellowish 
red,  but  soon  changes  to  a  beautiful  scarlet.  Its  solubility  either 
in  solution  of  the  mercuric  salt  or  in  solution  of  iodide  of  potas- 
sium renders  the  detection  of  a  small  quantity  of  a  mercuric 
salt  by  iodide  of  potassium,  or  a  small  quantity  of  an  iodide  by 
mercuric  solution,  difficult,  and  hence  lessens  the  value  of  the 
reaction  as  a  test. 

Third  Analytical  Reaction, — Add  a  solution  of  mercuric  salt 
to  solution  of  ammonia,  taking  care  that  the  mixture,  after  well 
stirring,  still  smells  of  ammonia ;  a  white  precipitate  falls. 

Ammoniated  Mercury. 

Performed  in  a  test-tube,  this  reaction  is  a  very  delicate  test 
of  the  presence  of  a  mercuric  salt ;  performed  in  larger  vessels, 
the  mercuric  salt  being  corrosive  sublimate  (3  ounces  dissolved 
in  3  pints  of  distilled  water,  the  solution  poured  into  4  fiuid 
ounces  of  Solution  of  Ammonia,  and  the  precipitate  washed  and 
dried  over  a  water-bath),  it  is  the  usual  and  the  Pharmacopoeial 
process  for  the  preparation  of  "  white  precipitate,"  the  old  "  am- 
monio- chloride  "  or  "  amido-chloride  of  mercury,"  now  known 
as  Ammoniated  Mercury  {Hydrargyrum  Ammoniatum,  B.  P.). 

Constitution  of  Ammoniated  Mercury. — This  precipitate  is  con- 
sidered to  be  the  chloride  of  mercuric- ammonium  (NH2Hg"Cl) — 
that  is,  chloride  of  ammonium  (NH^Cl)  in  which  two  univalent 
atoms  of  hydrogen  are  displaced  by  one  bivalent  atom  of  mercury. 

HgCl,  +  SISTH.HO  =  NH,Hg"Cl  -f-  IN^H^Cl  +  2H,0 

Mercuric  Ammonia.  "  White  Chloride  of  Water, 

chloride.  precipitate."  ammonium. 

Varieties  of  Ammoniated  Mercury. — If  the  order  of  mixing  be 
reversed  and  ammonia  be  added  to  solution  of  mercuric  chloride, 
a  double  chloride  of  mercuric- ammonium  and  mercury  results 
(JSTH^HgCl,  HgClg):  it  contains  76*55  per  cent,  of  mercury. 
Previously  to  the  year  1826,  "  white  precipitate  "  was  officially 
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made  by  adding  a  fixed  alkali  to  a  solution  of  equal  parts  of  cor- 
rosive sublimate  and  sal-ammoniac ;  this  gave  a  double  chloride 
of  mercuric- ammonium  and  ammonium  (NH^HgCl,  WH^Cl), 
containing  65-57  per  cent,  of  mercury.  This  compound  is  now 
known  as  ^'fusible  white  precipitates/'  because  at  a  temperature 
somewhat  below  redness  it  fuses  and  then  volatilizes.  The 
"  white  precipitate "  which  has  be^n  official  since  1826  con- 
tains 79 '52  per  cent,  of  mercury,  ihe  true  compound  may  be 
distinguished  as-  "  infusible  white  precipitate/'  from  the  fact  that 
when  heated  it  volatilizes  without  fusing.  An  ointment  of  thi& 
body  is  official  (dnguentum  Hydrargyri  Ammoniati,  B.  P.).  Pro- 
longed washing  with  water  converts  white  precipitate  "  into  a 
yellowish  compound  (JSTH^HgCl,  HgO);  hence  the  official  prepara- 
tion is  seldom  thoroughly  freed  from  the  chloride  of  ammonium 
which  is  formed  during  its  manufacture,  and  which,  if  present  in 
larger  proportion  than  seven  or  eight  per  cent.,  gives  to  it  the 
character  of  partial  or  complete  fusibility. 

J}iote, — Chloride  of  mercuric-ammonium  is  only  one  member 
of  a  large  class  of  similar  compounds,  derivable  from  the  various 
salts  of  ammonium  by  displacement  of  atoms  of  hydrogen  by 
other  atoms.  The  composition  of  the  chloride  of  mercurous- 
ammonium  (see  next  page)  and  of  ammonio-nitrate  of  silver  is 
consistent  with  this  view. 


-CI 


Chloride  of 
(common) 
ammonium. 


fHg'-| 


Chloride  of 
mercurous- 
ammonium. 


■Hg" 
N  ^  H  CI 

Chloride  of 
mercuric- 
ammonium. 


Nitrate  of 
argent-ammon- 
ammonium. 


The  composition  of  the  ammonio-sulphates  of  copper  (pp.  190 
and  209)  is  consistent  with  the  second  and  third  of  the  following 
formulae,  the  first  being  that  of  sulphate  of  ammonium  : — 


-SO. 


rcu" 


■SO, 


rcu" 

The  iodide  of  dimercuric  ammonium  (]N"IIg"2l)  is  formed  in 
testing  for  ammonia  by  the  "  Nessler  "  reagent  (vide  Index). 

Fourth  Analytical  Reaction,  —  Pass  sulphuretted  hydrogen 

through  a  mercuric  solution ;  a  black  precipitate  of  mercuric 

sulphide  (HgS)  falls. 

l5 
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Note. — Sulphuretted  hydrogen  also  precipitates  mercurous  sul- 
phide (Hg^S)  from  mercurous  solutions ;  and  in  appearance  the 
precipitates  are  alike ;  hence  this  reagent  does  not  distinguish 
between  mercurous  and  mercuric  salts.  But  in  the  course  of 
systematic  analysis,  mercuric  salts  are  thrown  down  from  solution 
as  sulphide  after  mercurous  salts  have  been  otherwise  removed. 
The  sulphides  are  insoluble  in  sulphydrate  of  ammonium. 

Note. — An  insufficient  amount  of  the  gas  gives  a  white  or 
coloured  precipitate  of  oxysulphide.  Prolonged  contact  with  sul- 
phuretted hydrogen-water  or  a  sulphydrate,  especially  when  the 
mixture  is  kept  warm,  converts  the  black  into  a  red  sulphide. 

Ethiop^s  Mineral,  the  Hydrargyri  Sulpliuretum  cum  Sulphure, 
is  a  mixture  of  sulphide  of  mercury  and  sulphur,  obtained  on 
triturating  the  elements  in  a  mortar  till  globules  are  no  longer 
visible.  Its  name  is  probably  in  allusion  to  its  similarity  in 
colour  to  the  skin  of  the  ^thiop.    It  was  formerly  official. 

Vermilion  is  mercuric  sulphide  prepared  by  sublimation. 

Tests,  continued.    (The  mercury  occurring  as  mercurous  salt.) 
Fifth  Analytical  Reaction. — To  a  solution  of  a  mercurous  salt 
(the  mercurous  nitrate  obtained  in  the  second  synthetical  reac- 
tion, for  example)  add  hydrochloric  acid  or  any  soluble  chloride ; 
a  white  precipitate  of  calomel  (HgCl)  occurs. 

This  reaction  was  formerly  official  in  the  Dublin  Pharma- 
copoeia as  a  process  for  the  preparation  of  calomel. 

Bixtli  Analytical  Reaction, — To  solution  of  a  mercurous  salt 
add  iodide  of  potassium;  green  mercurous  iodide  (Hgl)  is 
precipitated. 

Seventh  Analytical  Reaction. — To  a  mercurous  salt,  dissolved 
or  undissolved  (calomel),  add  ammonia  ;  black  salt  (chloride)  of 
mercurous  ammonium  (ISTH^Hg^Cl)  is  formed.  (See  previous  page.) 

Other  tests  for  Mercury, 

The  elimination  of  mercury  in  the  actual  state  of  metal  by  the 
copper  test,  coupled  with  the  production  or  non-production  of  a 
white  precipitate  on  the  addition  of  hydrochloric  acid  to  the 
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original  solution,  is  usually  sufficient  evidence  of  the  presence  of 
mercury  and  its  existence  as  a  mercurous  or  mercuric  salt.  But 
other  tests  may  sometimes  be  applied  with  advantage.  Thus 
metallic  mercury  is  deposited  on  placing  a  drop  of  the  solution  on 
a  plate  of  gold  (sovereign  or  half-sovereign),  and  touching  the 
drop  and  the  edge  of  the  plate  simultaneously  with  a  key ;  an 
electric  current  passes,  under  these  circumstances,  from  the  gold 
to  the  key,  and  thence  through  the  liquid  to  the  gold,  decom- 
posing the  salt,  the  mercury  of  which  forms  a  white  metallic 
spot  on  the  gold,  while  the  other  elements  go  to  the  iron.  This 

is  called  the  galvanic  test,  and  is  useful  for  clinical  purposes.  

Solution  of  stannous  chloride  (SnCl^) — see  Index, — from  the 
readiness  with  which  it  forms  stannic  salts  (SnCl^,  SnO^,  etc.), 
gives  a  white  precipitate  of  mercurous  chloride  in  mercuric  solu- 
tions, and  quickly  still  further  reduces  this  mercurous  chloride 
(and  other  mercury-salts)  to  a  greyish  mass  of  finely  divided  mer- 
cury ;  this  is  the  old  magpie  test,  probably  so  called  from  the  white 
and  grey  appearance  of  the  precipitate.  The  reaction  may  even 
be  obtained  from  such  insoluble  mercury  compounds  as  white 

precipitate."  Confirmatory  tests  for  mercuric  and  mercurous 

salts  will  be  found  in  the  action  of  solution  of  potash,  solution  of 
soda,  lime-water,  solution  of  ammonia,  and  solution  of  iodide  of 

potassium.   (  Vide  pages  222,  224,  and  215.)  IS'ormal  alkaline 

carbonates  produce  yellowish  mercurous  carbonate  and  brownish- 
red  mercuric  carbonate,  both  of  them  unstable.  Alkaline 

bicarbonates  give  mercurous  carbonate  with  mercurous  solutions, 
and,  with  mercuric  salts,  white  (becoming  red)  mercuric  oxysalt, 
 Yellow  chromate  of  potassium  (K^CrOJ  gives,  with  mer- 
curous salts,  a  red  precipitate  of  mercurous  chromate  (Hg^CrOJ. 

 Mercury  and  all  its  compounds  are  volatile,  many  of  them 

being  decomposed  at  the  same  time,  and  yielding  globules  of 
condensed  metal :  the  experiment  is  most  conveniently  performed 
in  a  test-tube. 
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Antidote, — Albumen  gives  a  white  precipitate  with  solution  of 
mercuric  salts  ;  hence  the  importance  of  administering  white  of 
egg,  while  waiting  for  a  stomach-pump,  in  case  of  poisoning  by- 
corrosive  sublimate. 


aUESTIONS  AND  EXEECISES. 

291.  'Name  the  chief  ore  of  mercury,  and  describe  a  process 
for  the  extraction  of  the  metal. 

292.  Give  the  properties  of  mercury. 

293.  In  what  state  does  mercury  exist  in    Grey  Powder  ?  " 

294.  What  other  preparations  of  metallic  mercury  itself  are 
employed  in  medicine  ? 

295.  State  the  relation  of  the  mercurous  to  the  mercuric  com- 
pounds. 

296.  Distinguish  between  an  alloy  and  an  amalgam. 

297.  State  the  formulae  of  the  two  Iodides  of  Mercury. 

298.  Under  what  circumstances  does  mercuric  iodide  assume 
two  different  colours  ? 

299.  Illustrate  the  chemical  law  of  Multiple  Proportions  as 
explained  by  the  atomic  theory,  employing  for  that  purpose  the 
stated  composition  of  the  two  iodides  of  mercury. 

300.  Write  down  the  formulae  of  Mercurous  and  Mercuric 
Nitrates  and  Sulphates. 

301.  How  is  Mercuric  Sulphate  prepared? 

302.  What  is  the  formula  of  "  Turpeth  Mineral?  " 

303.  Describe  the  processes  necessary  for  the  conversion  of 
mercury  into  Calomel  and  Corrosive  Sublimate,  using  diagrams. 

304.  Why  is  black  oxide  of  manganese  sometimes  mixed  with 
the  other  ingredients  in  the  preparation  of  corrosive  sublimate  ? 

305.  Give  the  chemical  and  physical  points  of  difference 
between  calomel  and  corrosive  sublimate. 

306.  How  may  a  small  quantity  of  calomel  in  corrosive  subli- 
mate be  detected  ? 

307.  Work  out  a  sum  showing  how  much  mercury  will  be  re- 
quired in  the  manufacture  of  one  ton  of  Calomel.  Ans.  17  cwt. 
nearly. 

308.  Mention  the  official  preparations  of  the  chlorides  of 
mercury. 

309.  Give  the  formulae  and  mode  of  formation  of  the  Eed, 
Yellow,  and  Black  Oxides  of  Mercury,  employing  diagrams. 
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310.  Explain  the  action  of  the  chief  general  test  for  mercury. 

311.  How  are  mercurous  and  mercuric  salts  analytically  di- 
stinguished ? 

31 2.  Give  a  probable  view  of  the  constitution  of  Hydrargyrum 
Ammoniatum,  E.  P.,  and  an  equation  showing  how  it  is  made. 

313.  What  is  the  best  temporary  antidote  in  cases  of  poisoning 
by  mercury  ? 

LEAD. 

Symbol  Pb.    Atomic  weight  207. 

Source. — The  ores  of  lead  are  numerous  ;  but  the  one  from 
which  the  metal  is  chiefly  obtained  is  the  sulphide  of  lead  (PbS), 
or  galena  (from  yaXrjvrj,  galene,  tranquillity,  perhaps  from  its 
supposed  effect  in  allaying  pain). 

Preparation. — The  ore  is  first  roasted  in  a  current  of  air ;  much 
sulphur  is  thus  burnt  off  as  sulphurous  acid  gas,  while  some  of 
the  metal  is  converted  into  oxide  and  a  portion  of  the  sulphide 
oxidized  to  sulphate.  Oxidation  being  stopped  when  the  mass 
presents  certain  appearances,  the  temperature  is  raised,  and  the 
oxide  and  sulphate,  reacting  on  undecomposed  sulphide,  yield  the 
metal  and  much  sulphurous  acid  gas  : — 

2PbO  +  PbS  =  Pb3  +  SO, 
PbSO^  +  PbS  =  Pb,  +  2S0,. 

Uses. — The  uses  of  lead  are  well  known.  Alloyed  with  arse- 
nicum  it  forms  common  shot,  with  antimony  gives  type-metal, 
with  tin  solder,  and  in  smaller  quantities  enters  into  the  compo- 
sition of  Britannia  metal,  pewter,  and  other  alloys.  Lead  is  so 
slightly  attacked  by  acids  that  chemical  vessels  and  instruments 
are  often  made  of  it.  Even  hot  hydrochloric  acid  only  slowly 
converts  it  into  chloride  of  lead  with  evolution  of  hydrogen. 
Sulphuric,  acid  by  aid  of  air  only  very  slowly  attacks  it  with 
formation  of  sulphate  of  lead  and  water.  Even  nitric  acid  very 
slowly  converts  it  into  nitrate  with  evolution  of  nitric  oxide  and 
nitrous  oxide  gases  and  water. 

The  salts  of  lead  used  in  pharmacy  and  all  other  preparations 
of  lead  are  obtained,  directly  or  indirectly,  from  the  metal  itself. 
Heated  in  a  current  of  air,  lead  combines  with  oxygen  and  forms 
oxide  of  lead  (PbO)  {Plumhi  Oxidum,  B.  P.),  a  yellow  powder 
(massicot),  or,  if  fused  and  solidified,  a  brighter,  reddish-yellow 
heavy  mass  of  bright  scales,  termed  litharge  (from  Xidos,  lithos,  a 
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stone,  and  apyvpos,  arguros,  silver).  It  is  from  this  oxide  that 
the  chief  lead  compounds  are  obtained.  Oxide  of  lead,  by  further 
roasting  in  a  current  of  air,  yields  red  lead  (or  minium),  PbgO^, 
or  Pb022PbO.  Both  oxides  are  much  used  by  painters,  paper- 
stainers,  and  glass-manufacturers.  White  lead  is  a  mixture  of 
carbonate  (PbCOg)  and  hydrate  of  lead  (Pb2H0)  (commonly 
2  molecules  of  the  former  to  1  of  the  latter),  usually  ground  up 
with  about  7  per  cent,  of  linseed-oil;  it  is  made  by  exposing 
lead,  cast  in  spirals  or  little  gratings,  to  the  action  of  air,  acetic 
fumes,  and  carbonic  acid,  the  latter  generated  from  decaying 
vegetable  matter,  such  as  spent  tan ;  oxyacetate  of  lead  slowly 
but  continuously  forms,  and  is  as  continuously  decomposed  by  the 
carbonic  acid  with  production  of  hydrate  and  carbonate,  or  dry 
white  lead.  The  grating-like  masses,  when  ground,  form  the 
heavy  white  pulverulent  official  Plumhi  Carhonas.  The  latter  is 
the  active  constituent  of  Unguentum  Plumhi  Carhonatis,  B.  P., 
the  old  Unguentum  Cerussce, 

Lead  compounds  are  poisonous,  producing  saturnine  colic,  or 
even  paralysis.  These  effects  are  termed  saturnine  from  an  old 
name  of  lead,  Saturn.  The  alchemists  called  lead  Saturn,  first, 
because  they  thought  it  the  oldest  of  the  seven  then  known 
metals,  and  it  might  therefore  be  compared  to  Saturn,  who  was 
supposed  to  be  the  father  of  the  gods,  and,  secondly,  because  its 
power  of  dissolving  other  metals  recalled  a  peculiarity  of  Saturn, 
who  was  said  to  be  in  the  habit  of  devouring  his  own  children. 

Quantivalence. — The  atom  of  lead  is  sometimes  quadrivalent 
(Pb"") ;  but  in  most  of  the  compounds  used  in  medicine  it  exerts 
bivalent  activity  only  (Pb"). 

Eeactions  havii^g  (a)  Synthetical  and  (6)  Analytical 
Inteeest. 

(a)  Synthetical  Reactions, 

Acetate  of  Lead. 

First  Synthetical  Reaction. — Place  a  few  grains  of  oxide  of  lead 
in  a  test-tube,  add  about  an  equal  weight  of  water  and  two  and 
a  half  times  its  weight  of  acetic  acid,  and  boil;  the  oxide 
dissolves  (or,  rather,  disappears — dissolves  with  simultaneous  de- 
composition) and  forms  a  solution  of  acetate  of  lead  (Pb2C2H302). 
"When  cold,  or  on  evaporation  (the  solution  being  kept  faintly 
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acid),  crystals  of  acetate  of  lead  (Pl)2C2ll302,  SH^O)  are  deposited. 
Larger  quantities  are  obtained  by  the  same  method. 

PbO    +    2HC,H30,    =    Pb2C,H30,    +  H,0 

Oxide  of  lead.  Acetic  acid.  Acetate  of  lead.  Water. 

This  is  the  official  process  for  Pliimbi  Acetas,  B.  P.  The  salt 
is  termed  Sugar  of  Lead,  from  its  sweet  taste.  Besides  its  di  - 
rect  use  in  pharmacy,  it  forms  three  fourths  of  the  Pilula  Plumhi 
cum  Opto,  B.  P.,  is  the  chief  constituent  of  Unguentum  Plumhi 
Acetatis,  and  an  ingredient  in  Suppositoria  Plumhi  Composita, 

Subacetate  or  Oxyacetate  of  Lead. 

Second  Synthetical  Reaction. — Boil  acetate  of  lead  with  about 
four  times  its  weight  of  water  and  rather  more  than  two  thirds 
its  weight  of  oxide  of  lead ;  the  resulting  filtered  liquor  is  solu- 
tion of  oxyacetate  of  lead.  Liquor  Plumhi  Suhacetatis,  B.  P. 

The  official  Liquor  is  made  by  boiling  5  ounces  of  acetate  and 
3|  of  oxide  in  1  pint  of  distilled  water  for  half  an  hour  (con- 
stantly stirring),  filtering,  and  making  up  for  any  loss  by  evapo- 
ration by  diluting  the  filtrate  to  1  pint. 

A  similar  solution  was  used  by  M.  Goulard,  who  called  it 
Extractum  Saturni,  and  drew  attention  to  it  in  1770.  It  is  now 
frequently  termed  Goulard^s  Extract.  A  more  dilute  solution, 
1  of  Liquor  and  1  of  spirit  in  80  of  distilled  water,  is  also  official 
in  the  British  Pharmacopoeia,  under  the  name  of  Liquor  Plumhi 
Suhacetatis  Dilutus.  The  latter  is  commonly  known  as  Goulard 
Water.  The  stronger  solution  is  the  chief  ingredient  in  Unguen- 
tum Plumhi  Suhacetatis  Qompositum,  B.  P.,  a  slight  modification 
of  the  old  Goulard's  Cerate. 

Oxyacetates  of  lead. — The  official  subacetate  of  lead  is  not  a 
definite  chemical  salt.  It  is  probably  a  mixture  of  two  subace- 
tates  of  lead,  which  are  well-known  crystalline  compounds,  and 
which  the  author  is  disposed  to  regard  as  having  a  constitution 
similar  to  that  he  has  already  indicated  for  some  other  salts  (see 
Iron,  Antimony,  and  Bismuth).  Exposed  to  air  it  absorbs 
carbonic  acid  gas,  and  hydrato-carbonate  of  lead  is  deposited. 

Acetate  of  lead  (3  molecules) . .  Pbg  GC^HgO^ 

-g  p  f  Pyro-oxyacetate  of  lead   Pb304C2H302 

'  \  Goulard's  oxyacetate  of  lead  . .  Pb3022C2H302 

Oxide  of  lead  (3  molecules)  . .  PbgOg 
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Oxide  of  Acetate  of  Official  "  subaeetate." 

lead.  lead. 

or    3PbO  +  3(Pb2C,H30J  =  Pb304aH:30,  +  Pb30,2C,H30, 

Oxide  of  Acetate  of  Pyro-oxyaeetate.       G-oulard's  oxyacetate. 

lead.  lead.  The  official  "  subaeetate." 

Mtrate  of  Lead.   Eed  Lead.   Peroxide  of  Lead. 

Third  Synthetical  Reaction, — Digest  a  few  grains  of  red  lead 
in  nitric  acid  and  water ;  nitrate  of  lead  (Pb2x^03)  is  formed, 
and  remains  in  solution,  wMle  a  puce-coloured  peroxide  of  lead 
(PbO^)  is  precipitated. 

Nitrate  of  lead  (Plumhi  Nitras,  B.  P.)  is  more  directly  made 
by  dissolving  litharge  (PbO)  in  nitric  acid, 

PbO  +  2TLm,  =  Vh2m^  +  H,0 ; 
but  the  former  reaction  serves  to  bring  before  the  reader  two 
other  oxides  of  lead,  namely  red  lead  (Pb30^)  and  peroxide  of 
lead  (PbO^).  In  the  latter  oxide  the  quadrivalent  character  of 
lead  is  obvious.  Mtrate  of  lead  is  used  officially  in  preparing 
iodide  of  lead ;  for  this  purpose  the  above  mixture  is  filtered,  the 
precipitate  of  peroxide  of  lead  purified  from  adhering  nitrate  by 
passing  hot  water  through  the  filter,  the  filtrate  and  washings 
evaporated  to  dryness  to  remove  excess  of  nitric  acid,  the  residual 
nitrate  of  lead  redissolved  by  ebullition  with  a  small  quantity  of 
hot  water,  and  the  solution  set  aside  to  crystallize,  or  a  portion 
at  once  used  for  the  following  experiment.  Mtrate  of  lead  forms 
white  crystals  derived  from  octahedra. 

Iodide  of  Lead. 

Fourth  Synthetical  Reaction, — To  a  neutral  solution  of  nitrate 
of  lead  add  solution  of  iodide  of  potassium ;  a  precipitate  of  iodide 
of  lead  (Pbl^)  falls  (Plumhi  lodidum,  B.  P.).  Equal  weights  of 
the  salts  may  be  used  in  making  large  quantities. 

-Ph2m.^    +    2X1    =    Pbl,    +  2X^0, 

Nitrate  of  Iodide  of  Iodide  of  Nitrate  of 

lead.  potassium.  load.  potassium. 

Iodide  of  lead  is  the  chief  ingredient  in  Emplastrum  Plumhi 
lodidiy  B.  P.,  and  Unguentum  Plumhi  lodidi,  B.  P.    The  iodide 
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of  lead  used  in  making  the  plaster  is  altered  in  the  process,  either 
iodide  of  sodium  being  formed  (from  the  hard  soap  present),  or 
possibly  a  compound  of  the  iodide  and  oleate  of  lead,  correspond- 
ing with  the  almost  colourless  hydrato-iodides  of  lead. 

Crystals  of  Iodide  of  Lead. — Heat  the  iodide  of  lead  with 
the  supernatant  liquid,  and,  if  necessary,  filter;  the  salt  is 
dissolved,  and  again  separates  in  golden  crystalline  scales  as 
the  solution  cools. 


Oleate  of  Lead.  (Lead  Plaster.) 
Fifth  Synthetical  ReacMon, — Boil  together  in  a  small  dish  a 
few  grains  of  very  finely  powdered  oxide  of  lead,  rather  more 
than  twice  its  weight  of  olive- oil,  and  ten  or  twenty  times  as 
much  water^  well  stirring  the  mixture,  and  from  time  to  time 
replacing  water  that  has  evaporated ;  the  product  is  a  white 
mass  of  oleate  of  lead  (PbSC^^HggO^)  (Emplastrum  Plumbi,  B.  P.), 
glycerine  remaining  in  solution  in  the  water.  Larger  quantities 
are  prepared  in  the  same  manner. 

3PbO       4-       mp       +  2(C3K3C,3ll330,) 

Oxide  of  Water.  Oleate  of  glyceryl 

lead.  (olive-oil  or  oleine). 

=       3(Pb2C,3H330,)       +  2{C^^,mO) 

Oleate  of  lead  Hydrate  of  glyceryl 

(lead  plaster).  (glycerine). 

The  action  between  the  oxide  of  lead  and  olive-oil  is  slow, 
requiring  several  hours  for  its  completion.  Lead  plaster  is  a 
constituent  of  eleven  of  the  fourteen  plasters  {Emjplastra)  men- 
tioned in  the  British  Pharmacopoeia. 

The  glycerine  may  be  obtained  by  treating  the  aqueous  pro- 
duct of  the  above  reaction  with  sulphuretted  hydrogen  to  remove 
a  trace  of  lead,  then  digesting  with  animal  charcoal,  filtering, 
and  evaporating.  But  on  the  large  scale  glycerine  is  now  usually 
produced  as  a  by-product  in  the  manufacture  of  candles;  for 
its  elements  are  found  in  all  vegetable  and  animal  fats.  ( Vide 
Index.)  If  in  making  lead  plaster  the  mixture  be  evaporated  to 
dryness,  some  of  the  glycerine  will  escape  with  the  steam  and 
some  remain  with  the  plaster. 
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Modes  of  formation  of  Chloride,  Sul/phide,  Chromate,  Sidpliate, 
Hydrate,  and  other  salts  of  lead  are  incidentally  described  in  the 
following  analytical  paragraphs. 

(6)  Reactions  having  Analytical  Interest  (Tests), 

First  Analytical  Reaction, — To  a  solution  of  lead  salt  (acetate, 
for  example)  add  hydrochloric  acid ;  a  white  precipitate  of  chlo- 
ride of  lead  (PbCl^)  is  obtained.  Boil  the  precipitate  with  much 
water ;  it  dissolves,  but,  on  the  solution  cooling,  is  redeposited 
in  small  acicular  crystals.  Filter  the  cold  solution,  and  pass 
sulphuretted  hydrogen  through  it ;  a  black  precipitate  (sulphide 
of  lead,  PbS)  shows  that  the  chloride  of  lead  is  soluble  to  a  slight 
extent  in  cold  water. 

Note, — A  white  precipitate  on  the  addition  of  hydrochloric  acid, 
soluble  in  hot  water,  and  blackened  by  sulphuretted  hydrogen, 
sufficiently  distinguishes  lead  salts  from  those  of  other  metals ; 
but  the  non-production  of  such  a  precipitate  does  not  prove  the 
absence  of  a  small  quantity  of  lead,  chloride  of  lead  being  slightly 
soluble  in  cold  water.  Hydrochloric  acid  will  be  found  to  be  a 
useful  but  not  a  delicate  test  for  lead. 

Second  Analytical  Reaction, — Through  a  dilute  solution  of  a 
lead  salt,  acidulated  with  hydrochloric  acid,  pass  sulphuretted 
hydrogen ;  a  black  precipitate  of  sulphide  of  lead  (PbS)  occurs. 

Lead  in  Water, — The  foregoing  is  a  very  delicate  test.  Should 
a  trace  of  lead  be  present  in  water  used  for  drinking-purposes, 
sulphuretted  hydrogen  will  detect  it.  On  passing  the  gas  through 
a  pint  of  such  (acidulated)  water,  a  brownish  colour  is  produced. 
If  the  tint  is  scarcely  perceptible,  set  the  liquid  aside  for  a  day ; 
the  gas  will  become  decomposed  and  a  thin  layer  of  sulphur  be 
found  at  the  bottom  of  the  vessel,  white  if  no  lead  be  present, 
but  more  or  less  brown  if  it  contain  sulphide  of  lead. 

Third  Analytical  Reaction, — To  solution  of  a  lead  salt  add  sul- 
phydrate  of  ammonium ;  a  black  precipitate  of  sulphide  of  lead 
falls,  insoluble  in  excess. 
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Fourth  Analytical  Reaction. — To  solution  of  a  lead  salt  add 
solution  of  chromate  of  potassium  (K^CrO^)  ;  a  yellow  precipi- 
tate of  chromate  of  lead  (PbCrO^)  is  formed,  insoluble  in  weak 
acids. 

Chromes, — This  reaction  has  technical  as  well  as  analytical 
interest.  The  precipitate  is  the  common  pigment  termed  chrome 
yellow^  or  lemon  chrome.  Boiled  with  lime  and  water,  a  portion 
of  the  chromic  radical  is  removed  as  a  soluble  chromate  of  calcium, 
and  an  oxy chromate  of  lead,  of  a  bright  red  or  orange  coXom:  (orange 
chrome),  is  produced. 

Fifth  Analytical  Beaction.- — To  solution  of  a  lead  salt  add  dilute 
sulphuric  acid,  or  solution  of  a  sulphate ;  a  white  precipitate  of 
sulphate  of  lead  (PbSO^)  falls. 

Sulphate  of  lead  is  slightly  soluble  in  strong  acids,  and  in 
solutions  of  alkaline  salts ;  it  is  insoluble  in  acetic  acid.  It  is 
readily  dissolved  and,  indeed,  decomposed  by  solution  of  acetate  of 
ammonium,  the  liquid  yielding  the  ordinary  reactions  with  soluble 
chromates  and  iodides. 

In  dilute  solutions  the  above  sulphuric  reaction  does  not  take 
place  immediately  ;  the  precipitate,  however,  falls  after  a  time  : 
its  appearance  may  be  hastened  by  evaporating  the  solution  nearly 
to  dryness  and  then  rediluting. 

The  white  precipitate  always  noticed  in  the  vessels  in  which 
diluted  sulphuric  acid  is  kept  is  sulphate  of  lead,  derived  from 
the  leaden  chambers  in  which  the  acid  is  made  :  solubility  in 
strong  acid  and  insolubility  in  weak  explains  its  appearance. 

Antidotes. — From  the  insolubility  of  sulphate  of  lead  in  water, 
the  best  antidote  in  a  case  of  poisoning  by  the  acetate  or  other 
soluble  salt  of  lead  is  a  soluble  sulphate,  such  as  Epsom  salt, 
sulphate  of  sodium,  or  alum,  vomiting  being  also  induced  or  the 
stomach-pump  applied  as  quickly  as  possible. 

Other  tests  for  lead  will  be  found  in  the  reaction  with  iodide 
of  potassium  (vide  p.  232)  ;  with  alkaline  carbonates,  a  white  pre- 
cipitate (2PbC03+Pb2H0)  insoluble  in  excess  ;  with  alkalies,  a 
white  precipitate  (Pb2H0)  more  or  less  soluble  in  excess ;  with 
alkaline  phosphates,  arseniates,  ferrocyanides  and  cyanides,  pre- 
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cipitates  mostly  insoluble,  but  of  no  special  analytical  interest. 
Insoluble  salts  of  lead  are  decomposed  by  solutions  of  potash 
(KHO)  or  soda  (I^^allO). 

The  metal  is  precipitated  in  a  beautifully  crystalline  state  by 
metallic  zinc  and  some  other  metals ;  the  lead  tree  is  thus  formed. 

 The  hlowpipe-flame  decomposes  solid  lead  compounds  placed 

in  a  small  cavity  in  a  piece  of  charcoal,  a  soft  malleable  bead  of 
metal  being  produced,  and  a  yellowish  ring  of  oxide  deposited  on 
the  charcoal. 


QUESTIONS  M{J)  EXERCISES. 

314.  Write  down  equations  descriptive  of  the  smelting  of 
galena. 

315.  Mention  some  of  the  alloys  of  lead. 

316.  How  is  litharge  produced  ? 

317.  Give  the  formulse  of  white  lead  and  red  lead. 

318.  Describe  the  manufacture  of  white  lead. 

319.  What  is  the  quantivalence  of  lead  ? 

320.  Draw  a  diagram  expressive  of  the  formation  of  Acetate 
of  Lead. 

321.  Describe  the  preparation  and  composition  of  Liquor 
Plumbi  Suhacetatis,  B.  P. 

322.  What  is  the  action  of  nitric  acid  on  red  lead,  litharge, 
and  metallic  lead  ? 

323.  How  is  the  official  Iodide  of  Lead  prepared  ? 

324.  Describe  the  reaction  between  oxide  of  lead,  water,  and 
olive-oil,  at  the  temperature  of  boiling  water,  and  give  chemical 
formulae  explanatory  of  the  constitution  of  the  products. 

325.  Mention  the  chief  tests  far  lead. 

326.  How  would  you  search  for  lead  in  potable  water  ? 

327.  What  is  the  composition  of  chrome  yellow  ? 

328.  State  a  method  whereby  lead,  barium,  and  silver  may  be 
separated. 

329.  'Name  the  best  antidote  in  cases  of  poisoning  by  salts 
of  lead. 
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SILVEH. 

Symbol  Ag.    Atomic  weight  108. 

Source, — This  element  occurs  in  nature  in  the  free  state  and 
as  ore,  the  common  variety  being  sulphide  of  silver  (Ag^S)  in 
combination  with  much  sulphide  of  lead,  forming  argentiferous 
galena. 

Preparation, — The  lead  from  such  galena  (p.  229)  is  melted  and 
slowly  cooled ;  crystals  of  lead  separate  and  are  raked  out  from 
the  still  fluid  mass,  and  thus  an  alloy  very  rich  in  silver  is  finally 
obtained :  this  is  roasted  in  a  current  of  air,  whereby  the  lead  is 
oxidized  and  removed  as  litharge,  pure  silver  remaining.  Other 
ores  undergo  various  preparatory  treatments  according  to  their 
nature,  and  are  then  shaken  with  mercury,  which  amalgamates 
with  and  dissolves  the  particles  of  silver,  the  mercury  being 
subsequently  removed  from  the  amalgam  by  distillation.  Soils 
and  minerals  containing  metallic  silver  are  also  treated  in  this 
way.  An  important  improvement  in  the  amalgamation  process, 
by  which  the  mercury  more  readily  unites  with  the  silver,  consists 
in  the  addition  of  a  small  proportion  of  sodium  to  the  mercury — 
a  discovery  simultaneously  made  in  England  by  Crookes  and  in 
!N'ew  York  by  Wurtz. 

Silver  is  not  readily  affected  by  the  weak  acids  or  other  fluids 
of  food,  though  it  is  rapidly  tarnished  by  sulphur  or  sulphur  com- 
pounds. It  does  not  perceptibly  attack  hydrochloric  acid  ;  re- 
duces strong  nitric  acid  to  nitrous  anhydride  (IN'^Og),  and  a 
weaker  acid  to  nitric  oxide  Q^O) ;  it  reduces  hot  sulphuric  acid 
to  sulphurous  anhydride  (SO^),  sulphate  of  silver  (Ag^SOJ  being 
formed.  The  latter  salt  is  crystalline  and  slightly  soluble  in 
water. 

Eeactioi^s  HAviNa  (a)  Synthetical  and  (h)  Analytical 
Inteeest. 

(a)  JSyntJietical  Reactions. 
Impure  Nitrate  of  Silver. 
First  SyntheticalHeaction. — Dissolve  a  silver  coin  in  nitric  acid ; 
nitric  oxide  gas  (NO)  and  nitrous  anhydride  (^^2^3)  are  evolved, 
and  a  solution  of  nitrates  of  silver  and  copper  obtained. 
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Silver  Coinage. — Pure  silver  is  too  soft  for  use  as  coin ;  it  is 
therefore  hardened  by  alloying  with  copper.  The  silver  money 
of  England  contains  7*5,  of  Prussia  25,  and  of  Prance  10  and 
16*5  per  cent,  of  copper ;  for  the  fineness  of  the  Prench  standard 
silver  is  0-900  in  the  five-franc  piece,  while  an  inferior  alloy  of 
0*835  is  used  for  the  lower  denominations.  The  single-franc 
piece,  composed  of  the  latter  alloy,  is  still  made  to  weigh  five 
grammes,  the  weight  originally  chosen  for  the  franc  as  the  unit 
of  the  monetary  scale  when  the  fineness  of  the  coin  was  0*900.  It 
has  now  become  a  token,  like  the  British  shilling,  of  which  the 
nominal  value  exceeds  the  metallic  value.  One  pound  troy  of 
British  standard  silver  is  coined  into  66  shillings,  of  which  the 
metal  is  worth  from  6O5.  to  625.  according  to  the  market  price  of 
silver.  The  standard  fineness  of  this  silver  is  0*925,  three  alloy 
in  40.  British  silver  coins  are  a  legal  tender  in  payments  to  the 
amount  of  405.  only. 

CMoride  of  Silver. 

Second  Synthetical  Reaction. — To  the  product  of  the  above  re- 
action add  water  and  hydrochloric  acid  or  a  soluble  chloride ; 
white  chloride  of  silver  (AgCl)  is  precipitated,  copper  still  re- 
maining in  solution.  Collect  the  precipitate  on  a  filter  and  wash 
with  water ;  it  is  pure  chloride  of  silver. 

Note. — The  nitrates  of  silver  and  copper  may  also  be  sepa- 
rated by  evaporating  the  solution  of  the  metals  in  nitric  acid 
to  dryness  and  gently  heating  the  residue,  when  the  nitrate  of 
copper  is  decomposed  but  the  nitrate  of  silver  unafiected.  The 
latter  may  be  dissolved  from  the  residual  oxide  of  copper  by 
water. 

Chloride  of  silver  may  be  obtained  in  crystals  by  evaporation 
of  its  solution  in  ammonia. 

Pure  Silver. 

Third  Syntlietical  Meaction.—Vlace  the  chloride  of  silver  of 
the  previous  reaction  in  a  dish,  wet  it  with  dilute  sulphuric  acid, 
and  float  a  piece  of  sheet  zinc  on  the  mixture ;  metallic  silver 
is  precipitated,  and  after  about  one  day  wholly  removed  fron:^. 
solution.    Collect  the  precipitate  on  a  filter  and  wash  with 
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water ;  it  is  pure  metallic  silver,  and  is  readily  fusible  into  a 
single  button. 

Note. — Any  considerable  quantity  of  chloride  of  silver  may  also 
be  reduced  to  a  lump  of  tbe  metal  by  fusion,  in  a  crucible,  with, 
about  half  its  weight  of  carbonate  of  sodium. 

Pure  Nitrate  of  Silver. 

Fourth  Synthetical  Reaction. — Dissolve  the  pure  silver  of  the 
previous  reaction  in  nitric  acid  (3  of  silver  require  about  2  or 
2^  of  strong  acid  diluted  with  5  of  water),  and  remove  excess 
of  acid  by  evaporating  the  solution  to  dryness,  slightly  heating 
the  residue  ;  the  product  is  pure  nitrate  of  silver.  Dissolve  by 
heating  with  a  small  quantity  of  water ;  on  the  solution  cooling, 
or  on  evaporation,  colourless  tabular  crystals  of  nitrate  of  silver 
are  obtained. 

8Ag,  +  m.m^  =  2m  +  ^k^m^  +  mp 

,  Siher.  Nitric  acid.  Jfitric  Nitrate  of  Water. 

oxide.  silver. 

Notes. — The  solution  of  pure  or  refined  silver  (Arc/entum 
Purificatum,  B.  P.)  in  nitric  acid,  evaporation,  and  crystallization 
constitute  the  official  process  for  the  preparation  of  the  nitrate 
(Argenti  Nitras,  B.  P.).  The  salt  fused,  and  poured  into  proper 
moulds,  yields  the  white  cylindrical  sticks  or  rods  commonly 
termed  caustic  (from  kqIm,  Mid,  I  burn),  or  lunar  caustic.  (The 
alchemists  called  silver  Diana  or  Luna,  from  its  supposed  mys- 
terious connexion  with  the  moon.)  The  specimen  of  nitrate  of 
silver  obtained  in  the  foregoing  reaction,  dissolved  in  water,  will 
be  found  useful  as  an  analytical  reagent.  Mtrate  of  silver  is 
soluble  in  rectified  spirit ;  but  after  a  time  reaction  and  decom- 
position occur. 

Silver  salts  are  decomposed  when  in  contact  with  organic 
matter,  especially  in  the  presence  of  light  or  heat,  the  metal 
itself  being  liberated,  or  a  black  insoluble  compound  formed. 
Hence  the  value  of  the  nitrate  in  the  manufacture  of  indelible 
ink  for  marking  linen ;  hence,  too,  the  reason  of  the  practice 
of  rendering  silver  solutions  clear  by  subsidence  and  decantation, 
rather  than  by  filtration  through  paper ;  and  hence  the  cause 
of  those  cases  of  actual  combustion  which  have  been  known  to 
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occur  in  preparing  pills  containing  oxide  of  silver  and  essential 
oil  or  other  organic  matter. 

Oxide  of  Silver. 

Fifth  Synthetical  Reaction. — To  a  few  drops  of  solution  of 
nitrate  of  silver  add  solution  of  potash  or  soda  or  lime-water ; 
an  olive-brown  precipitate  of  oxide  of  silver  (Ag^O)  occurs.  The 
washed  and  dry  oxide,  like  most  silver  compounds,  is  decomposed 
by  heat  with  production  of  metal.  It  is  also  reduced  by  contact 
with  organic  matter.    (See  the  previous  paragraph.) 

The  Argenti  Oxidum^  B.  P.,  is  thus  made,  lime-water  being  the 
precipitant  employed,  soda  or  potash  not  being  so  readily  removed 
by  washing.  Three  and  a  half  pints  of  good  lime-water  will 
decompose  half  an  ounce  of  nitrate  of  silver. 

2k^m,    -\-    Ca2H0    ==    Ag.,0    +    Q^2m^    -h  H^O. 

Ifitrate  of  Hydrate  of  Oxide  of  Nitrate  of  Water, 

silver.  calcium.  silver.  calcium. 


Methods  of  forming  several  other  salts  of  silver  are  incidentally 
mentioned  in  the  following  analytical  paragraphs. 

(h)  Reactions  having  Analytical  Interest  (Tests), 
First  Analytical  Reaction, — To  a  solution  of  a  silver  salt  add 
hydrochloric  acid  or  other  soluble  chloride ;  a  white  curdj^  pre- 
cipitate of  chloride  of  silver  falls.  Add  nitric  acid,  and  boil ;  the 
precipitate  does  not  dissolve.  Pour  off  the  acid  and  add  solution 
of  ammonia ;  the  precipitate  dissolves.  IN'eutralize  the  ammoniacal 
solution  by  an  acid ;  the  chloride  of  silver  is  reprecipitated. 

This  is  the  most  characteristic  test  for  silver.  The  preci- 
pitated chloride  is  also  soluble  in  solutions  of  hyposulphite  of 
sodium  or  cyanide  of  potassium — facts  of  considerable  importance 
in  photographic  operations. 

Other  analytical  reagents  than  the  above  are  occasionally  use- 
ful. Sulphuretted  hydrogen,  or  sulphydrate  of  ammonium, 

gives  a  black  precipitate,  sulphide  of  silver  (Ag^S),  insoluble  in 
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alkalies.  Solutions  of  potash  or  soda  give  a  brown  precipitate, 

oxide  of  silver  (Ag^O),  converted  into  a  fulminating  compound  by 

prolonged  contact  with  ammonia.  Phosphate  of  sodium  gives 

a  pale  yellow  precipitate,  phosphate  of  silver  (Ag3P04),  soluble  in 

nitric  acid  and  in  ammonia.  Arseniate  of  ammonium  gives  a 

chocolate-coloured  precipitate,  arseniate  of  silver  (AggAsO^), 

already  noticed  in  connexion  with  arsenic  acid.  Iodide  or 

bromide  of  potassium  gives  a  yellowish-white  precipitate,  iodide 
or  bromide  of  silver  (Agl  or  AgBr),  insoluble  in  acids  and  only 

slightly  soluble  in  ammonia.  Cyanide  of  potassium  gives  a 

white  precipitate,  cyanide  of  silver  (AgCy),  soluble  in  excess, 
sparingly  soluble  in  ammonia,  insoluble  in  dilute  nitric  acid, 

soluble  in  boiling  concentrated  nitric  acid.  Yellow  chromate 

of  potassium  (KgCrO^)  gives  a  red  precipitate,  chromate  of  silver 
(Ag^CrO^).  Eed  chromate  of  potassium  also  gives  a  red  pre- 
cipitate, acid  chromate  of  silver  (Ag^CrO^,  CrOg).  ^  Many 

organic  acids  afford  insoluble  salts  of  silver.  Several  metals 

displace  silver  from  solution,  mercury  forming  in  this  way  a  crys- 
talline compound  known  as  the  silver  tree,  or  Arbor  Biance,  

In  the  blowpipe-flame,  silver  salts,  placed  on  charcoal  with  a  little 
carbonate  of  sodium,  yield  bright  globules  of  metal,  accompanied 
by  no  incrustation  as  in  the  corresponding  reaction  with  lead 
salts  ;  the  experiment  may  be  performed  with  the  nitrate,  which 
first  melts  and  then,  like  all  nitrates,  deflagrates,  yielding  a  white 
metallic  coating  of  silver  which  slowly  aggregates  to  a  button. 

Antidotes, — Solution  of  common  salt,  sal-ammoniac,  or  any 
other  inert  chloride  should  obviously  be  administered  where  large 
doses  of  nitrate  of  silver  have  been  swallowed.  A  quantity  of 
sea-water  or  brine  would  convert  the  silver  into  insoluble  chlo- 
ride, and  at  the  same  time  produce  vomiting. 
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QUESTIOISTS  AND  EXEECISES. 

330.  By  what  process  is  silver  obtained  from  argentiferous 
galena  ? 

331.  What  weight  of  English  silver  coin  will  yield  one  pound 
of  pure  nitrate  of  silver  ? 

332.  How  may  the  metal  be  recovered  from  an  impure  mixture 
of  silver  salts  ? 

333.  Give  a  diagram  showing  th^^  formation  of  nitrate  of  silver 
from  the  metal. 

334.  Describe  the  reaction  of  limo-water  and  nitrate  of  silver. 

335.  Mention  the  chief  test  for  silver,  and  the  precautions  to 
be  observed  in  order  that  silver  salts  may  be  distinguished  from 
those  of  lead  and  mercury. 

336.  Name  the  antidote  for  silver. 


DIKECTIONS  FOE  APPLYING  SOME  OF  THE  EOREGOIKG  EE  ACTIONS  TO 
THE  ANALYSIS  OE  AN"  AQUEOUS  SOLUTION  OP  A  SALT  OF  ONE  OF 
THE  METALS  CoPPEE,  MeECUEY  (eITHEE  AS  MEECUEOUS  OE 
MEECUEIC  salt),  LeAD,  SiLVEE. 

Add  hydrochloric  acid  : — 

Silver  is  indicated  by  a  white  curdy  precipitate,  soluble  in 
ammonia. 

Mercurous  salts  also  by  a  white  precipitate,  turned  black  by 
ammonia. 

Lead  by  a  white  precipitate,  insoluble  in  ammonia.  Con- 
firm by  boiling  another  portion  of  the  hydrochloric 
precipitate  in  water ;  it  dissolves. 
If  hydrochloric  acid  gives  no  precipitate,  silver  and  mercurous 
salts  are  absent.    Lead  can  only  be  present  in  very  small  quan- 
tity.   Mercuric  salts  may  be  present.    Copper  may  be  present. 
Divide  the  liquid  into  three  portions,  and  apply  a  direct  test  for 
each  metal,  as  follows. 

Lead  is  best  detected  by  the  sulphuric  test,  the  tube  being 
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set  aside  for  a  time  if  the  precipitate  does  not  appear  at 
once. 

Mercury  is  best  detected  by  the  copper  test.   If  present  here, 

it  occurs  as  mercuric  salt. 
Copper  betrays  itself  by  the  blue  colour  of  the  liquid  under 
examination.    Confirm  by  the  ammonia  test. 
If  the  above  reactions  are  not  thoroughly  conclusive,  confirma- 
tory evidence  should  be  obtained  by  the  application  of  some  of 
the  other  reagents  for  copper,  mercury,  lead,  or  silver. 


TABLE  OP  SHOET  DIEECTIOI^^S  FOE  APPLYING  SOME  OE  THE  FOEEGOING 
EEACTIOI^S  TO  THE  AI^ALYSIS  OE  A]S"  AQUEOUS  SOLUTION  OE  SALTS 
OE  ANY  OR  ALL  OE  THE  METALS  CoPPEE,  MeECUSY  (eITHEE 

^  MEECUEOUS  OE  MEECUEIC  SALT,  OE  BOTH),  LeAD,  SiLVEE. 

Add  hydrochloric  acid,  filter,  and  wash  the  precipitate  with  a 
small  quantity  of  cold  water. 


Ppt. 

Pb   Hg  (ous)  Ag. 
Wash  with  boiling  water. 

Filtrate 
Cu    Hg(ic)  Pb. 
Divide  into  three  portions. 

Test  for 
Cu  by  AmHO ;  blue  sol. 
Hg  (mercuric)  by  Cu; 

globules. 
Pb  byH^SO^;  white  ppt.^ 

Ppt. 

Hg(ous)  Ag. 
Add  AmHO. 

Filtrate 
Pb. 

Add 

white  ppt.''^ 

Precipitate 

Hg 
(mercurous), 
black. 

Filtrate 
Ag. 
Add  HNO3, 
white  ppt. 

Liquids  containing  only  a  small  quantity  of  lead  do  not  readily  yield 
sulphate  of  lead  on  the  addition  of  sulphuric  acid.  Before  lead  can  be  said 
to  be  absent,  therefore,  the  liquid  should  be  evaporated  to  dryness  with  one 
drop  of  sulphuric  acid,  and  the  residue  digested  in  water ;  any  sulphate  of 
lead  then  remains  as  a  heavy  white  insoluble  powder. 
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OUTLINE  OF  THE  PKECEDIN'G  TABLES. 


HCl 

AmHS 

Am  CO 

2  3 

Am^HAsO^ 

Hg 

Cu  ^ 

Zn 

Ba 

Mg 

K 

(as  mercurous 

.2 

salt) 

luble 
mHS, 

Pb 

Hg 

Al 

Ca 

ISTa 

(partially) 

(as  mercu- 
ric salt) 

a 

M 

Ag 

Pb  J 
(entirely) 

As  ^ 

Fe 

Am 

Sb  J^t 

The  practical  student  sbonld  examine  solutions  containing  the 
above  metals  until  he  is  able  to  analyze  with  facility  and  accuracy. 
In  this  way  he  will  best  perceive  the  peculiarities  of  each  element 
and  their  general  relations  to  each  other.  As  the  rarer  metals 
are  not  included  here,  the  tables  are  not  complete  analytical 
schemes;  only  general  memoranda  respecting  them  will,  therefore, 
now  be  given.    Por  special  memoranda,  see  p.  287. 


Memoranda  eelatii^'g  to  the  Geis-eral  Analytical  Table 
(page  245). 

The  group -tests  adopted  in  the  Table  are,  obviously,  hydro- 
chloric acid,  sulphuretted  hydrogen,  sulphydrate  of  ammonium, 
carbonate  of  ammonium,  and  arseniate  of  ammonium.  If  a 
group-test  produces  no  precipitate,  it  is  self-evident  that  there 
can  be  no  member  of  the  group  present.  At  first,  therefore,  add 
only  a  small  quantity  of  a  group-test,  and  if  it  produces  no  effect 
add  no  more  ;  for  it  is  not  advisable  to  overload  a  solution  with 
useless  reagents ;  substances  expected  to  come  down  as  precipi- 
tates are  not  unfrequently  held  in  the  liquid  by  excess  of  acid, 
alkali,  or  strong  aqueous  solution  of  some  group -reagent,  thought- 
lessly added.  Indeed  experienced  manipulators  not  unfrequently 
make  preliminary  trials  with  group-reagents  on  a  few  drops  only 
of  the  liquid  under  examination ;  if  a  precipitate  is  produced,  it 
is  added  to  the  bulk  of  the  original  liquid  and  the  addition  of  the 
group-reagent  continued ;  if  a  precipitate  is  not  produced,  the 
few  drops  are  thrown  away,  and  the  unnecessary  addition  of  a 
group -reagent  thus  avoided  altogether,  an  advantage  fully  making 
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up  for  the  extra  trouble  of  making  a  preliminary  trial.  While 

shunning  excess,  however,  care  must  be  taken  to  avoid  deficiency ; 
a  substance  only  partially  removed  from  solution  through  the 
addition  of  an  insufficient  amount  of  a  reagent  will  appear  where 
not  expected,  be  consequently  mistaken  for  something  else,  and 
cause  much  trouble  ;  this  will  not  occur  if  the  appearance,  odour, 
or  reaction  of  the  liquid  on  test-paper  be  duly  observed.  It  is 
also  a  good  plan,  when  a  group-reagent  has  produced  a  precipi- 
tate and  the  latter  has  been  filtered  out,  to  add  a  little  more  of 
the  reagent  to  the  clear  filtrate ;  if  more  precipitate  is  produced, 
an  insufficient  amount  of  the  group-test  was  introduced  in  the 
first  instance ;  but  the  error  is  corrected  by  simply  refiltering ;  if 
no  precipitate  occurs,  the  mind  is  satisfied  and  the  way  cleared 
for  further  operations. 

Group-precipitates,  or  any  precipitates  still  requiring  exami- 
nation, should,  as  a  rule,  be  well  washed  before  further  testing ; 
this  is  to  remove  the  aqueous  solution  of  other  substances  adhering 
to  the  precipitate  (the  mother-liquor  as  it  is  termed),  so  that 
subsequent  reactions  may  take  place  fairly  between  the  reagent 

used  and  the  precipitate  only.  A  precipitate  is  sometimes  in 

so  fine  a  state  of  division  as  to  retard  filtration  by  clogging  the 
pores  of  the  paper,  or  even  to  pass  through  the  filter  altogether ; 
in  these  cases  the  mixture  may  be  warmed  or  boiled,  which 
usually  causes  aggregation  of  the  particles  of  a  precipitate,  and 
hence  facilitates  the  passage  of  liquids. 

Division  of  worh, — It  is  immaterial  whether  a  solution  be  first 
divided  into  group-precipitates  or  each  precipitate  be  examined  as 
soon  as  produced ;  if  the  former  method  be  adopted,  confusion  will 
be  avoided  by  labelling  or  marking  the  funnels  or  papers  holding 
the  precipitate  "  the  HCl  ppt.,"    the  H^S  ppt.,"  and  so  on. 

The  colours  and  general  appearance  of  the  various  sulphides 
and  hydrates  precipitated  should  be  borne  in  mind,  as  the  absence 
of  other  bodies,  as  well  as  the  presence  of  those  thrown  down,  is 
often  at  once  thus  indicated. 

Application  of  confirmatory  tests  must  be  frequent. 

Results  of  analyses  should  be  recorded  neatly  in  a  memorandum- 
book. 

The  various  reactions  which  occur  in  an  analysis  have  already 
come  before  the  reader  in  going  through  the  tests  for  the  individual 
metals  or  in  other  analytical  operations ;  it  is  unnecessary,  there- 
fore, again  to  draw  out  equations  or  diagrams.  But  the  reactions 
should  be  thought  over,  and,  if  not  perfectly  clear  to  the  mind,  be 
written  out  again  and  again  till  thoroughly  understood. 
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QUESTIONS  AND  EXEECISES. 

337.  Give  processes  for  the  qualitative  analysis  of  liquids  con- 
taining the  following  substances : — 

a.  Antimony  and  Mercurous  salt. 
h.  Lead  and  Calcium. 

c.  Silver  and  Mercurous  salt. 

d.  Lead  and  Mercuric  salt. 

e.  Copper  and  Arsenicum. 

/.  Arsenicum  and  Antimony. 

g.  Aluminium  and  Zinc. 

h.  Iron  and  Copper. 

^.  Magnesium,  Calcium,  and  Potassium. 

/.  Silver,  Antimony,  Zinc,  Barium,  and  Ammonium. 

338.  Enumerate  the  so-called  group-tests. 

339.  Give  a  general  sketch  of  the  method  of  analyzing  a 
solution  suspected  to  contain  two  or  more  salts  of  common 
metals. 

340.  Classify  the  common  metals  according  to  their  analytical 
relations. 


METALS  OF  MINOR  PHAEMACEUTICAL 
IMPORTANCE. 


Thus  far  has  been  considered,  somewhat  in  detail,  the  che- 
mistry of  the  common  metals,  salts  of  which  are  frequently 
used  in  medicine  or  in  testing  medicinal  substances.  These 
are : — 

Potassium,         Barium,        Zinc,  Arsenicum,  Mercury, 

Sodium,  Calcium,       Aluminium,  Antimony,  Lead, 

Ammonium  (?),  Magnesium,  Iron,  Copper,  Silver. 

Of  the  remaining  metals,  eight  are  mentioned  in  the  British 
Pharmacopoeia,  namely — 

Lithium,       Chromium,    Gold,  Cadmium, 
Manganese,   Tin,  Platinum,  Bismuth. 

Compounds  of  three  more  are  sufficiently  common  to  occasionally 
come  under  notice : — 


Strontium,       Cobalt,  Nickel. 
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These  eleven  metals  of  minor  pharmaceutical  interest  may  be 
shortly  studied,  a  few  only  of  the  reactions  of  each  (just  those 
mentioned  in  the  following  pages)  being  performed.  When  all 
have  been  thus  treated,  their  respective  positions  in  the  analy- 
tical groups  will  be  indicated  and  a  tabular  scheme  given  by 
which  an  analysis  of  a  solution  containing  any  metal  may  be 
effected.  Thus,  step  by  step,  we  may  learn  how  to  analyze 
almost  any  substance  that  may  occur,  and  know  to  what  extent 
the  presence  of  a  rarer  will  interfere  with  the  ordinary  tests  for 
a  common  element;  additional  illustrations  of  the  working  of 
chemical  laws  will  be  acquired,  and  the  store  of  chemical  and 
pharmaceutical  facts  increased.  The  opportunity  thus  afforded 
for  improvement  in  habits  of  neatness  in  manipulation,  preci- 
sion, and  classification  furnishes  another  and  no  mean  reason  why 
such  experiments  should  be  prosecuted,  the  direct  value  of  which 
may  not  be  considerable  to  medical  and  pharmaceutical  learners. 

LITHIUM. 

Symbol  L.    Atomic  weight  7. 

Lithium  is  widely  distributed  in  nature,  but  usually  in  minute 
proportions  compared  with  other  elements.  A  trace  of  it  may  be 
found  in  most  soils  and  waters,  a  Cornish  spring  containing  even 
considerable  quantities  as  chloride. 

The  salt  chiefly  used  in  medicine  is  the  Citrate  (LgCgH.O^) 
(Lithice  Citras,  B.  P.),  occurring  in  white  deliquescent  crystals 
or  powder,  prepared  by  dissolving  50  grains  of  the  Carbonate 
(L^COg)  and  90  of  citric  acid  in  1  ounce  of  water,  evaporating  to 
a  low  bulk  and  setting  aside  in  a  dry  place  to  crystallize,  or  at 
once  evaporating  to  dryness  and  powdering  the  residue. 

3L,C03  +  2H3C,H,0,  =  2L3C,H,0,  +  3H,0  +  SCO, 

Carbonate  Citric  acid.  Citrate  of  Water.  Carbonic 

of  lithium.  lithium.  acid  gaa. 

The  carbonate  (Lithice  Carhonas,  B.  P.)  is  a  white  granular 
powder  obtained  from  the  minerals  which  contain  lithium — 
namely,  lepidolite  (from  Xenls,  lepis,  a  scale,  and  Xidos,  litJios,  a 
stone ;  it  has  a  scaly  appearance),  triphane  (from  Tpeis,  treis, 
three,  and  (paiviD,  pliaind,  I  shine)  or  spodumene  (from  (XTro^doj, 
spodoo,  I  reduce  to  ashes,  in  allusion  to  its  exfoliation  in  the 
blowpipe-flame),  and  petalite  (from  ireraXoy,  jpetalon,  a  leaf ;  its 
character  is  leafy  and  laminated).  Each  contains  silicate  of 
aluminium,  with  fluoride  of  potassium  and  lithium  in  the  case 
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of  lepidolite,  and  silicate  of  sodium  and  lithium  in  the  others. 
Liquor  Lithim  Effervescens,  B.  P.,  is  a  solution  of  10  grains  of 
carbonate  of  lithium  in  1  pint  of  water  charged  with  seven  times 
its  volume  of  carbonic  acid  gas  and  kept  in  ordinary  aerated 
water-bottles.  "  HpJf  a  pint,  evaporated  to  dryness,  yields  5 
grains  of  a  white  solid  residue,  answering  to  the  tests  for  carbo- 
nate of  lithium.  ....  Ten  grains  of  the  latter  salt  neutralized 
with  sulphuric  acid,  and  afterwards  heated  to  redness,  leaves 
14*86  grains  of  dry  sulphate  of  lithium,  which,  when  redissolved 
in  distilled  water,  yields  no  precipitate  with  oxalate  of  ammo- 
nium or  solution  of  lime,"  indicating  absence  of  salts  of  calcium 
and  aluminium.  Citrate  of  lithium  should  yield  by  incineration 
52-8  per  cent,  of  white  carbonate  of  lithium. 

Urate  of  lithium  *  is  more  soluble  than  urate  of  sodium ;  hence 
lithium  preparations  are  administered  to  gouty  patients  in  the 
hope  that  urate  of  sodium,  with  which  such  systems  are  loaded, 
may  be  converted  into  urate  of  lithium  and  removed. 

In  chemical  position  lithium  stands  between  the  alkaline  and 
the  alkaline-earth  metals,  its  hydrate,  carbonate,  aud  phos- 
phate being  slightly  soluble  in  water.  The  double  chloride 
of  platinum  and  lithium  also  is  soluble  in  water.  Its  atom  is 
univalent,  L'. 

Analytical  Reaction,- — Moisten  the  end  of  a  platinum  wire  with 
solution  of  a  minute  particle  of  solid  lithium  salt,  and  introduce 
it  into  the  flame  of  a  Eunsen  burner  or  other  slightly  coloured 
flame  (spirit-lamp  or  blowpipe-flame)  ;  a  magnificent  crimson 
tinge  is  imparted. 

The  light  emitted  by  ignited  lithium  vapour  is  of  a  purer 
scarlet  than  that  given  by  strontium,  the  next  element.  When 
the  flames  are  examined  by  spectral  analysis  (physically  ana- 
lyzed by  a  prism),  the  red  rays  are,  in  the  case  of  strontium, 
found  to  be  associated  with  blue  and  yellow,  neither  of  which  is 
present  in  the  lithium  light. 

STEONTIUM, 

Symbol  Sr.    Atomic  weight  87'5. 

Source. — Strontium  is  not  widely  distributed  in  nature ;  but 
the  carbonate  (SrCOg),  known  as  strontianite,  and  the  sulphate 
Urates  will  be  considered  subsequently  in  connexion  with  uric  acid. 
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(SrSO^),  known  as  celestine  (from  ccelum,  the  sky,  in  allusion  to 
its  occasional  bluish  colour),  are  by  no  means  rare  minerals. 

Salts  of  strontium  are  not  employed  in  medicine.  They  are 
chiefly  used  by  firework-manufacturers  in  preparing  red  fire. 
The  colour  they  impart  to  flame  is  a  beautiful  crimson — ignited 
strontium  vapour  emitting  red  rays,  as  already  explained.  ]N"i- 
trate  of  strontium  (Sr2J^03)  is  best  for  pyrotechnic  compositions, 
its  oxygen  enabling  it  to  burn  freely  when  mixed  with  charcoal, 
sulphur,  etc.  It,  or  any  salts,  may  be  obtained  by  dissolving  the 
carbonate  in  the  appropriate  acid,  or  by  igniting  the  cheaper  sul- 
phate with  coal,  whereby  sulphide  (SrS)  is  produced,  and  dissolving 
this  in  acid. 

The  position  of  strontium  among  the  chemical  elements  is 
between  barium  and  calcium ;  its  sulphate  is  very  sparingly 
soluble  in  water.  Its  atom,  like  those  of  barium  and  calcium,  is 
bivalent  (Sr"). 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction, — To  solution  of  a  strontium  salt 
(Sr2I^03  or  SrCl^)  add  carbonate  of  ammonium ;  a  white  preci- 
pitate of  carbonate  of  strontium  (SrCOg)  falls. 

Second  Analytical  Reaction. — To  a  solution  of  a  strontium  salt 
add  sulphuric  acid  previously  so  diluted  that  it  will  not  preci- 
pitate calcium  salts,  or  an  equally  dilute  solution  of  any  sulphate, 
e.  g.  that  of  calcium  itself ;  a  white  precipitate  of  sulphate  of 
strontium  (SrSO^)  falls.  The  formation  of  this  precipitate  is  pro- 
moted by  stirring  and  by  setting  the  liquid  aside  for  some  time. 

Barium  is  precipitated  immediately  under  similar  circum- 
stances. 

Third  Analytical  Reaction. — To  a  dilute  solution  of  a  stron- 
tium salt  add  yellow  chromate  of  potassium ;  no  precipitate 
faUs. 

Barium  may  be  separated  from  strontium  by  chromate  of 
potassium,  that  reagent  at  once  precipitating  barium  from  aqueous 
or  acetic  solutions. 

Fourth  Analytical  Reaction. — Insert  a  fragment  of  a  strontium 
salt  in  the  blowpipe-flame,  or  other  equally  colourless  flame,  or 
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hold  tlie  end  of  a  platinum  wire  dipped  into  a  strontium  solution 
in  the  flame ;  a  crimson  colour  is  imparted. 

Other  Analytical  Reactions, — Alkali-metal  phosphates,  arse- 
niates  and  oxalates  give  white  insoluble  precipitates  with  stron- 
tium as  with  barium  and  calcium.  Strontium,  like  calcium,  but 

unlike  barium,  is  not  precipitated  by  hydrofluosilicic  acid. 


Cerittm.  Ce.  At.  wt.  92. — This  element  occurs  in  the  mineral 
cerite  (a  silicate  of  iron,  calcium,  and  the  three  rare  metals 
cerium,  lanthanium,  and  didymium)  ;  also  occasionally  as  impure 
fluoride,  carbonate,  and  phosphate.  The  oxalate  of  cerium,  a 
white  granular  powder,  is  the  only  official  salt ;  it  may  be  ob- 
tained from  cerite  by  boiling  the  powdered  mineral  in  strong 
hydrochloric  acid  for  several  hours,  evaporating,  dihiting,  and 
filtering  to  separate  silica;  adding  ammonia  to  precipitate  hy- 
drates of  all  the  metals  except  calcium ;  filtering  ofl*,  washing, 
redissolving  in  hydrochloric  acid,  and  adding  oxalic  acid  to  pre- 
cipitate oxalate  of  cerium.  The  preparation  will  still  contain 
oxalates  of  lanthanium  and  didymium ;  it  is  therefore  strongly 
calcined,  the  resulting  oxides  of  lanthanium  and  didymium  dis- 
solved out  by  boiling  with  a  concentrated  solution  of  chloride  of 
ammonium,  the  residual  oxide  of  cerium  dissolved  in  hydrochloric 
acid,  and  oxalate  of  ammonium  added  to  precipitate  pure  oxalate 
of  cerium  (Ce"Cp„  3H^0). 

Oxalate  of  cerium  {Cerii  Oxalas,  E.  P.)  is  decomposed  at  a  dull 
red  heat,  48  per  cent,  of  a  salmon-coloured  mixture  of  oxides 
remaining ;  usually  a  little  didymium  is  present,  giving  the 
ignited  residue  a  reddish-brown  colour ;  it  is  then  soluble  in 
boiling  hydrochloric  acid  (without  effervescence,  indicating,  in- 
directly, absence  of  earthy  and  other  carbonates  or  oxalates);  and 
the  solution  gives,  with  excess  of  a  saturated  solution  of  sulphate 
of  potassium,  a  crystalline  precipitate  of  double  sulphate  of  cerium 
and  potassium.  Alumina  mixed  with  oxalate  of  cerium  may  be 
detected  by  boiling  with  solution  of  potash,  filtering,  and  adding 
excess  of  solution  of  chloride  of  ammonium,  when  a  white  floc- 
culent  precipitate  of  hydrate  of  aluminium  will  be  obtained.  The 
oxalic  radical  is  recognized  by  neutralizing  the  potash  solution 
by  acetic  acid  and  adding  chloride  of  calcium ;  white  oxalate  of 
calcium  is  then  precipitated  :  this  precipitate,  though  insoluble  in 
acetic,  should  be  wholly  dissolved  by  hydrochloric  acid. 


MANGANESE. 
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MANGANESE. 

Symbol  Mn.    Atomic  weight  55. 

Source, — Manganese  is  a  constituent  of  many  minerals,  and, 
as  black  oxide  (MnO^)  (Manganesii  Oxidiim  Nigrum,  B.  P.),  or 
jpyrolusite  (from  irvp,  pur,  fire,  and  Xvais,  lusis,  a  loosing  or 
resolving,  in  allusion  to  the  readiness  with  which  it  is  split  up 
by  heat  into  a  lower  oxide  and  oxygen),  occurs  frequently  in 
abundance  in  the  south-west  of  England,  Aberdeenshire,  and 
most  of  the  countries  of  Europe.  It  is  met  with  as  a  steel-grey 
mass  of  prismatic  crystals,  or  in  black  shapeless  lumps. 

The  chemical  position  of  manganese  is  close  to  iron  and  three 
other  metals  still  to  be  considered — cobalt,  nickel,  and  chromium. 
Its  atom  apparently  has  sexivalent  affinities,  as  seen  in  manganate 
of  potassium  (K^MnO^) ;  but  commonly  it  is  quadrivalent  (Mn'^) 
or  bivalent  (Mn"). 

Uses. — Metallic  manganese  is  only  used  in  alloy  with  iron  in 
the  manufacture  of  some  varieties  of  steel.  The  black  oxide  is 
an  important  agent  in  the  production  of  chlorine,  the  preparation 
of  green  and  red  disinfecting  manganates,  purple  glass,  and  black 
glazes  for  earthenware. 

Ueactions  having  both  Synthetical  and  Analytical  Interest, 

First  Reaction, — Boil  a  few  grains  of  black  oxide  of  manganese 
with  some  drops  of  hydrochloric  acid  until  chlorine  ceases  to  be 
evolved ;  add  water,  and  filter ;  the  filtrate  is  a  solution  of  man- 
ganous  chloride  (MnCl^). 

MnO,  4-  4HC1  =  MnCl,  +  2H,0  -j-  CI,. 

This  is  the  reaction  commonly  applied  in  the  preparation  of 
chlorine  gas.  It  is  also  a  ready  method  of  preparing  a  manganous 
salt  for  analytical  experiments.  Coupled  with  the  application 
of  reagents  to  the  filtrate,  the  reaction  is  that  by  which  a  black 
powder  or  mineral  would  be  recognized  as  black  oxide  of  man- 
ganese. Black  oxide  of  manganese  dissolves  in  cold  hydrochloric 
acid,  forming  a  dark  brown  solution  of  a  higher  chloride  or  chlo- 
rides, MnClg,  Mn^Cl,,  or,  possibly,  MnCl^. 

Second  Reaction, — Heat  a  particle  of  a  manganese  compound 
with  a  grain  or  two  of  carbonate  and  hydrate  of  potassium  and 
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a  fragment  of  nitrate  or  chlorate  of  potassium  on  platinum  foil 
n  the  blowpipe-flame  ;  a  green  mass  containing  manganate  of 
potassium  (K^MnO^)  results.  Boil  the  foil  in  a  little  water ;  the 
green  manganate  dissolves  and  soon  changes  to  solution  of  the 
purple  permanganate  of  potassium  (K^Mn^O^). 

This  is  a  delicate  analytical  test  for  manganese. 

The  reaction  is  similar  to  that  by  which  permanganate  of 
potassium  (Potassce  Permanganas,  B.  P.)  is  directed  to  be  prepared 
for  use  in  volumetric  analysis.  Liquor  Potassce  Permanganatis, 
B.  P.,  is  a  solution  of  80  grains  of  permanganate  of  potassium 
in  1  pint  of  distilled  water.  Equations  showing  the  exact  action 
which  occurs  in  making  the  salt  according  to  the  process  of  the 
British  Pharmacopoeia  have  already  been  given  in  connexion  with 
the  compounds  of  potassium  (vide  p.  73).  The  proportions  of 
ingredients  and  details  of  the  operation  are  as  follows : — 

Beduce  3^  parts  (for  experiment,  each  "  part "  may  be  ^  ounce) 
of  chlorate  of  potassium  to  fine  powder,  and  mix  it  with  4  of 
black  oxide  of  manganese  ;  put  the  mixture  into  a  porcelain 
basin,  and  add  to  it  5  parts  of  solid  caustic  potash,  previously 
dissolved  in  4  parts  of  water.  Evaporate  to  dryness,  stirring 
diligently  to  prevent  spurting.  Pulverize  the  mass,  put  it  into 
a  covered  Hessian  or  Cornish  crucible,  and  expose  it  to  a  dull 
red  heat  (not  higher)  for  an  hour  (20  or  30  minutes  for  quantities 
of  1  or  2  ounces),  or  till  it  has  assumed  the  condition  of  a  semi- 
fused  mass.  Allow  to  cool,  pulverize,  and  boil  with  about  30 
parts  of  water.  Let  the  insoluble  matter  subside,  decant  the 
fluid,  boil  again  with  about  10  parts  of  water,  again  decant, 
neutralize  the  united  liquors  accurately  with  diluted  sulphuric 
acid  (or,  better,  carbonic  acid  gas),  and  evaporate  till  a  pellicle 
forms.  Set  aside  to  cool  and  crystallize.  Drain  the  crystalline 
mass,  boil  it  in  6  parts  of  water,  and  strain  through  a  funnel  the 
throat  of  which  is  lightly  obstructed  by  a  little  asbestos  or  gun- 
cotton.  Let  the  fluid  cool  and  crystallize,  drain  the  dark  purple 
slender  prismatic  crystals,  and  dry  them  by  placing  under  a  bell 
jar  over  a  vessel  containing  sulphuric  acid. 

Instead  of  converting  the  manganate  into  permanganate  by 
ebullition,  and  neutralizing  the  free  alkali  by  acid,  by  which  one 
third  of  the  manganese  is  lost,  Stadeler  recommends  chlorine  to 
be  passed  through  the  cold  solution  until  the  green  colour  is 
entirely  changed  to  purple. 

2K,MnO,    +    CI,    =    X^Mn/Jg    +  2KC1. 
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Solutions  of  the  manganates  of  potassium  and  sodium  are  in 
common  use  as  disinfectants  under  the  name  of  Condy's  fluid. 
They  act  by  oxidizing  organic  matter,  the  manganic  or  perman- 
ganic radical  being  reduced  to  black  manganic  oxide,  or  even  a 
lower  oxide.  The  reason  for  using  asbestos  instead  of  paper  in 
filtering  the  solutions  will  now  be  understood. 

The  changes  in  colour  ¥/hich  the  green  mass  of  the  above  pro- 
cess undergoes  when  dropped  into  warm  water  produced  for  it 
the  old  name  of  mineral  chameleon. 

Third  Reaction. —M.^I^q  a  borax  bead  by  heating  a  fragment  of 
the  salt  on  the  looped  end  of  a  platinum  wire  in  the  blowpipe- 
flame  until  a  clear  transparent  globule  is  obtained.  Place  on  the 
bead  a  minute  portion  of  a  manganese  compound,  or  touch  it  with 
a  drop  of  solution.  Again  fuse  the  borax  ;  a  bead  of  a  violet  or 
amethystine  tint  is  produced. 

This  is  a  good  analytical  reaction.  It  has  also  synthetical 
interest,  illustrating  the  use  of  black  oxide  of  manganese  in  pro- 
ducing common  purple-tinted  glass. 

Expose  the  bead  to  the  reducing  part  of  the  flame  (p.  141), 
the  part  nearer  to  the  blowpipe,  where  there  are  highly  heated 
hydrocarbon  gases  greedy  of  oxygen ;  the  colour  disappears. 

This  is  owing  to  the  reduction  of  the  manganic  compound  to  a 
manganous  condition,  in  which  it  no  longer  possesses  peculiar 
colouring-power.  This  action  also  illustrates  the  use  of  black 
oxide  of  manganese  in  glass-manufacture.  Glass  when  first  made 
is  usually  of  a  green  tint,  owing  to  the  presence  of  ferrous  impu- 
rities ;  the  addition  of  manganic  oxide  to  the  materials  converts 
the  ferrous  into  ferric  compounds,  which  have  comparatively 
little  colorific  power,  it  itself  being  thereby  reduced  to  manganous 
oxide,  which  also  gives  but  little  colour.  If  excess  of  manganic 
oxide  be  added,  a  purple  tint  is  produced. 

Reactions  having  Analytical  Interest  (Tests). 

Fourth  Reaction, — Through  a  solution  of  a  manganous  salt 
acidified  by  hydrochloric  acid  pass  sulphuretted  hydrogen ;  no 
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decomposition  occurs.  Add  ammonia ;  the  sulphydrate  of  ammo- 
nium thus  formed  causes  the  precipitation  of  a  yellowish  pink  or 
flesh-tinted  precipitate  of  manganous  sulphide  (MnS)  in  a  hydrous 
state. 

This  reaction  is  characteristic,  sulphide  of  manganese  being 
the  only  flesh-coloured  sulphide  known.  The  salt  used  may  be 
the  manganous  chloride  obtained  in  the  first  reaction ;  but  such 
crude  solutions  usually  give  a  black  precipitate  with  sulphydrate 
of  ammonium,  owing  to  the  presence  of  iron.  The  latter  element 
may  be  precipitated,  however,  on  adding  excess  of  ammonia  (and 
rapidly  filtering,  or  oxygen  will  be  absorbed  and  most  of  the 
manganese  also  be  precipitated)  or  on  boiling  the  manganous 
solution  with  a  very  little  carbonate  of  sodium,  which  attacks 
the  ferric  salt  in  preference  to  the  manganous.  Pure  manganous 
chloride  may  be  similarly  obtained  on  boiling  the  impure  solution 
with  manganous  carbonate ;  the  latter  decomposes  the  ferric 
chloride  with  production  of  ferric  hydrate  and  more  manganous 
chloride,  and  evolution  of  carbonic  acid  gas. 

To  the  recently  precipitated  manganous  sulphide  add  acetic 
acid  ;  it  is  dissolved. 

This  solubility  enables  manganese  to  be  separated  from  nickel, 
cobalt,  and  zinc,  whose  sulphides  are  insoluble  in  weak  acetic 
acid.  To  express  the  fact  in  another  way — manganese  is  not 
precipitated  by  sulphuretted  hydrogen  from  a  solution  containing 
free  acetic  acid  only. 

Fifth  Reaction. — To  solution  of  a  manganous  salt  add  ammonia ; 
a  white  precipitate  of  manganous  hydrate  (Mn2H0)  falls.  Add 
excess  of  ammonia ;  some  of  the  precipitate  is  dissolved  and  may 
be  detected  in  the  quickly  filtered  solution  by  sulphydrate  of  am- 
monium. But  both  precipitate  and  solution  rapidly  absorb  oxy- 
gen, the  manganese  passing  into  a  more  highly  oxidized  condition 
in  which  it  is  insoluble  in  ammonia. 

The  fixed  alkalies  give  a  similar  precipitate  insoluble  in  excess. 
The  precipitate  rapidly  absorbs  oxygen,  becomes  brown,  and 
gradually  passes  into  a  higher  oxide. 
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Many  other  reactions  occur  between  manganese  salts  and 
various  reagents,  but  are  of  no  particular  synthetical  or  analytical 
interest. 

A  good  method,  proposed  by  Crum,  for  detecting  minute  quan- 
tities of  manganese  consists  in  adding  diluted  nitric  acid,  and 
either  red  lead  or  the  puce-coloured  oxide  or  peroxide  of  lead,  to 
the  solution,  and  then  boiling  ;  a  red  tint,  said  to  be  due  to  per- 
manganic acid,  is  imparted  to  the  liquid.  If  chlorides  are  present 
the  manganese,  etc.  should  be  separated  by  potash  or  soda,  the 
precipitate  be  well  washed,  dissolved  in  nitric  acid,  and  then  the 
oxide  be  added. 

COBALT. 

Symbol  Co.    Atomic  weight  58*8. 

Source, — Cobalt  occurs  sparingly  in  nature  as  the  arsenide 
(CoAs^),  or  tin-white  cobalt,  and  occasionally  as  a  double  arsenide 
and  sulphide  (C0AS2,  C0S2),  or  cohalt-glance  (from  glanz,  bright- 
ness, in  allusion  to  its  lustre). 

Uses. — Its  chief  use  is  in  the  manufacture  of  blue  glass,  the 
colour  of  which  is  due  to  a  compound  of  cobalt.  Cobalt  is  also 
the  colouring  constituent  of  smalt  (from  smelt,  a  corruption  of 
melt),  a  finely  ground  sort  of  glass  used  as  a  blue  pigment  by 
paper-stainers  and  others,  and  employed  also  by  laundresses  to 
neutralize  the  yellowish  appearance  of  washed  linen. 

The  salts  of  cobalt  may  be  obtained  from  the  oxide  (CoO),  and 
the  oxide  from  zaffre,  a  mixture  of  sand  and  roasted  ore. 

Quantivalence. — The  atom  of  cobalt  often  exhibits  quadrivalent 
affinities,  but  still  more  often  exerts  only  bivalent  powers  (Co^^). 
Cobalt  has  analytical  relations  with  zinc,  nickel,  and  manganese, 
and  may  be  regarded  as  a  member  of  the  iron  group. 

Analytical  Reactions  (Tests), 
First  Analytical  Reaction, — Pass  sulphuretted  hydrogen  through 
a  solution  of  a  salt  of  cobalt — the  chloride  (CoC\)  or  nitrate 
(C02NO3)  for  example ;  no  decomposition  occurs.  Add  am- 
monia ;  the  sulphydrate  of  ammonium  thus  formed  causes  the 
precipitation  of  black  sulphide  of  cobalt  (CoS). 
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The  moist  precipitate  slowly  absorbs  oxygen  from  the  air, 
becoming  converted  into  sulphate  of  cobalt  (CoSO^). 

Second  Analytical  Reaction. — Add  ammonia  gradually  to  a 
cobalt  solution ;  a  blue  precipitate  of  impure  hydrate  of  cobalt 
(Co2IIO)  falls.  Add  excess  of  ammonia ;  the  precipitate  is  dis- 
solved. 

A  similar  precipitate  is  given  by  the  fixed  alkalies,  insoluble  in 
excess. 

Thhrl  Analytical  Reaction. — Make  a  borax  bead  by  heating  a 
fragment  of  the  salt  on  the  looped  end  of  a  platinum  wire  in  the 
blowpipe -flame  until  a  clear  transparent  globule  is  obtained. 
Place  on  the  bead  a  minute  portion  of  cobalt  compound,  or 
touch  it  with  a  drop  of  solution.  Again  fuse  the  borax  ;  a  blue 
bead  results. 

This  is  a  delicate  test  for  cobalt.  From  what  has  previously 
been  said,  it  will  be  seen  that  this  experiment  has  also  consider- 
able synthetical  interest. 

Fourth  Analytical  Reaction. — To  a  solution  of  a  salt  of  cobalt 
add  two  or  three  drops  of  hydrochloric  acid,  then  excess  of  solu- 
tion of  cyanide  of  potassium,  and  boil  for  ten  minutes ;  oxygen  is 
absorbed,  and  cobalticyanide  of  potassium  (KgCo^Cy^^)  formed. 
Add  hydrochloric  acid,  and  boil  the  mixture  (in  a  fume-cupboard, 
to  avoid  inhalation  of  any  hydrocyanic  acid) ;  the  excess  of  cya- 
nide of  potassium  is  thus  decomposed,  but  the  cobalticyanide 
unaffected.  Kow  add  excess  of  solution  of  potash  ;  the  cobalti- 
cyanide of  potassium  is  decomposed,  but  the  cobalt  remains  dis- 
solved in  the  alkaline  liquid. 

Mckel  under  similar  circumstances  is  precipitated,  the  re- 
action thus  affording  means  of  separating  these  closely  allied 
metals  from  each  other. 

Other  reactions  between  a  cobalt  solution  and  different  reagents 
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may  be  performed,  and  various  precipitates  obtained ;  but  these 
have  no  special  analytical  interest. 

Invisible  Ink. — Many  salts  of  cobalt  containing  water  of  crys- 
tallization are  light  red,  the  anhydrous  more  or  less  blue.  Prove 
this  by  writing  some  words  on  paper  with  a  solution  of  chloride 
of  cobalt  sufficiently  dilute  for  the  characters  to  be  invisible  when 
dry :  hold  the  sheet  before  a  fire  or  over  a  flame  ;  the  letters  at 
once  become  visible,  distinct,  and  of  a  blue  colour.  Breathe  on 
the  words,  or  set  the  sheet  aside  for  a  while ;  the  characters  are 
once  more  invisible,  owing  to  absorption  of  moisture.  Hence 
solution  of  chloride  of  cobalt  forms  one  of  the  so-called  sympa- 
thetic inks, 

NICKEL. 

Symbol  M.    Atomic  weight  58*8. 

[N'ickel  is,  chemically,  closely  allied  to  cobalt,  the  ores  of  the 
two  metals  being,  commonly,  associated  in  nature.  Indeed  it  is 
from  sjpeiss,  an  arsenio-suiphide  of  nickel  obtained  in  the  manu- 
facture of  smalt,  a  pigment  of  cobalt  already  mentioned,  that 
most  of  the  nickel  met  with  in  commerce  is  obtained.  It  is 
much  used  in  the  preparation  of  the  white  alloy  known  as  Ger- 
man or  nickel  silver. 

Quantivalence. — l^ickel  exerts  bivalent  activity  (Ni")  in  its 
ordinary  compounds.  Its  salts  and  their  solutions  are  usually 
green.  They  are  chiefly  made,  directly  or  indirectly,  from  the 
metal  itself. 

Analytical  Ueactions  (Tests), 

First  Analytical  Ueaction. — Pass  sulphuretted  hydrogen  through 
a  solution  of  a  salt  of  nickel — chloride  (NiCl^),  nitrate  (^2^03), 
or  sulphate  (MSO^) ;  no  decomposition  occurs.  Add  ammonia ; 
the  sulphydrate  of  ammonium  thus  formed  causes  the  precipita- 
tion of  black  sulphide  of  nickel  (J(iS). 

Note. — When  sulphide  of  nickel  is  precipitated  by  the  direct 
addition  of  the  common  yellow  solution  of  sulphydrate  of  ammo- 
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nium,  which  always  contains  free  sulphur,  there  is  much  difficulty 
in  filtering  the  mixture,  owing  to  the  slight  solubility  of  sulphide 
of  nickel  in  the  reagent  and  the  formation  of  some  sulphate  of 
nickel  (ISTiSO^),  oxygen  being  absorbed  from  the  air  by  the  sul- 
phide. This  may  be  avoided  by  warming  the  mixture  and  using 
freshly  made  sulphydrate  of  ammonium,  in  which  the  sulphide 
of  nickel  is  insoluble ;  or,  where  practicable,  the  salt  of  nickel 
may  be  precipitated  from  an  ammoniacal  solution  by  sulphuretted 
hydrogen. 

Second  Analytical  Reaction, — Add  ammonia  drop  by  drop  to  a 
nickel  solution;  a  pale  green  precipitate  of  hydrate  of  nickel 
(M2H0)  falls.  Add  excess  of  ammonia;  the  precipitate  dis- 
solves. 

A  similar  precipitate  is  given  by  the  fixed  alkalies,  insoluble 
in  excess. 

Third  Analytical  Reaction, — Nickel  salts  colour  a  borax  bead, 
when  hot,  a  reddish-yellow  tint ;  the  reaction  is  not  very  service- 
able analytically. 

Fourth  Analytical  Reaction, — To  a  solution  of  a  salt  of  nickel 
add  solution  of  cyanide  of  potassium  :  cyanide  of  nickel  (NiCy^) 
is  precipitated.  Add  excess  of  solution  of  cyanide  of  potas- 
sium ;  the  precipitate  is  dissolved  with  formation  of  double  cya- 
nide of  nickel  and  potassium  (NiCy^,  2KCy).  !N"ext  add  hydro- 
chloric acid,  and  boil  the  mixture  (in  a  fume-cupboard),  adding 
a  little  hydrochloric  acid  from  time  to  time  until  all  smell  of 
hydrocyanic  acid  has  disappeared.  Lastly  add  excess  of  solution 
of  potash  ;  hydrate  of  nickel  is  precipitated. 

Qualitative  Separation  of  Cohalt  and  NicTcel, 

The  foregoing  reaction  serves  for  the  separation  of  nickel  from 
cobalt.  On  adding  excess  of  hydrochloric  acid  to  a  solution  con- 
taining the  two  metals,  together  with  cyanide  of  potassium,  a 
precipitate  of  cyanide  of  nickel  and  cobalticyanide  of  nickel  occurs. 
By  ebullition  with  excess  of  hydrochloric  acid  the  cyanide  of  nickel 
is  decomposed,  chloride  of  nickel  going  into  solution.    On  then 
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adding  excess  of  potash,  hydrate  of  nickel  is  precipitated.  The 
cobalticyanide  of  nickel  is  not  decomposed  by  the  acid ;  but  it  is 
by  the  alkali,  its  cobalt  going  into  solution  and  its  nickel  remain- 
ing insoluble  as  hydrate.  After  filtering  off  the  nickel,  cobalt  is 
detected  in  the  filtrate  by  evaporating  to  dryness  and  testing  the 
residue  with  borax  in  the  blowpipe-flame. 

Another  process, — To  any  solution  containing  cobalt  and  nickel 
add  excess  of  ammonia,  and  then  enough  solution  of  ferridcyanide 
of  potassium  to  dissolve  any  precipitate.  If  cobalt  be  present  a 
reddish-brown  colour  is  produced  in  the  liquid,  due  to  the 
formation  and  solution  of  ferridcyanide  of  cobalt.  Now  add 
solution  of  ferrocyanide  of  potassium;  a  whitish  precipitate  of 
ferrocyanide  of  nickel  appears,  either  at  once,  or,  if  the  liquid  is 
very  weak,  on  jpartially  neutralizing  the  free  ammonia  by  hydro- 
chloric acid.  The  ammonia  must  not  be  entirely  neutralized  by 
acid,  nor  enough  acid  added  to  decompose  the  reddish  ferrid- 
cyanide of  cobalt.  If  these  precautions  be  not  observed,  a 
greenish-white  precipitate  of  ferrocyanide  of  cobalt  may  be  formed, 
and  be  mistaken  for  the  ferrocyanide  of  nickel. 

The  value  of  this  method  (Skey  and  Davies)  turns  on  the  facts 
that  ferridcyanide  of  nickel  is  not  a  coloured  body,  while  ferrid- 
cyanide of  cobalt  is  reddish  brown,  and  that  ferridcyanogen  has, 
apparently,  in  ammoniacal  solution^  greater  affinity  for  cobalt 
than  for  nickel,  while  ferrocyanogen  has,  apparently,  greater 
affinity  for  nickel  than  for  cobalt.  The  formulso  of  these  so- 
called  ferrocyanides  and  ferridcyanides  of  cobalt  and  nickel  have 
not  been  definitively  ascertained. 

Other  reactions  between  a  nickel  solution  and  various  reagents 
give,  in  many  cases,  insoluble  precipitates  which,  from  their  green 
colour,  are  occasionally  useful  in  distinguishing  nickel  from  allied 
elements, 

CHEOMIUM. 

Symbol  Cr.    Atomic  weight  52-5. 

Source, — The  chief  ore  of  chromium  is  chrome  ironstone  (a 
mixture  of  the  metallic  oxides  PeO,  Cr^Og),  occurring  chiefly 
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in  tlie  United  States  and  Sweden.  In  constitution  it  seems 
to  resemble  magnetic  iron  ore  (FeO,  Fe^Og). 

Preparation  of  Bed  Chromate  of  Potassium, — On  roasting  the 
powdered  ore  with  carbonate  of  potassium  and  nitre,  yellow 
chromate  of  potassium  (K^CrO^)  is  obtained ;  the  mass,  treated 
with  acid,  yields  red  or  bichromate  (K^CrO^,  CrOg)  {Potasses 
Bichromas,  B.  P.) ;  from  this  salt  other  chromates  are  prepared, 
and  by  reduction,  as  presently  explained,  the  salts  of  chromium 
itself.  The  yellow  and  orange  chromates  of  lead  are  largely  used 
as  pigments. 

Note  on  Constitution. — Eed  chromate  of  potassium  is  a  some- 
what abnormal  salt,  containing,  probably,  '  neutral  chromate 
associated  with  chromic  anhydride.  The  value  of  chromates  as 
chemical  reagents  is  alluded  to  in  connexion  with  chromate  of 
barium  (pp.  105  and  118).  Heated  strongly  in  a  crucible,  red 
chromate  of  potassium  splits  up  into  yellow  chromate^  glistening 
oxide  of  chromium,  and  oxygen. 

Quantivalence. — Chromium  stands  in  close  chemical  relation  to 
iron,  aluminium,  and  manganese.  Its  atom  is  sexivalent  if  the 
formula  of  the  fluoride  (CrF^)  be  correct.  Like  iron  and  alumi- 
nium, it  is  trivalent,  as  seen  in  chromic  chloride  (Cr^Clg),  but 
sometimes  exerts  only  bivalent  activity,  as  in  chromous  chloride 
(CrCl,). 

Passage  of  chromium  from  the  acidulous  to  the  hasylous  side  of 
salts. — Through  an  acidified  solution  of  red  chromate  of  potas- 
sium pass  sulphuretted  hydrogen  ;  sulphur  is  deposited,  and  a 
green  salt  of  chromium  remains  in  solution — chloride  (Cr^Clg)  if 
hydrochloric  acid  be  used,  and  sulphate  (Cr^SSO^)  if  sulphuric  be 
the  acid  employed.  Boil  the  liquid  to  expel  excess  of  sulphu- 
retted hydrogen,  filter,  and  reserve  the  solution  for  subsequent 
experiments.    (For  an  equation  of  this  reaction,  see  p.  263.) 

Alcohol,  sugar,  or  almost  any  substance  which  is  tolerably 
liable  to  oxidation  will  answer  as  well  as  sulphuretted  hydrogen. 

Sidphate  of  chromium  (Cr^SSO^),  like  sulphate  of  aluminium 
(Al^SSO J,  unites  with  alkali-metal  sulphates  to  form  alums,  Avhich 
resemble  common  alum  both  in  crystalline  form  and,  as  far  as 
we  know,  in  internal  structure  :  they  are  of  a  purple  colour. 
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Chromium  as  cliromic  acid  or  other  cliromate. — This  is  the 
state  in  which  chromium  will  usually  be  met  with,  the  most 
common  salt  being  the  red  chromate  or  bichromate  of  potassium. 
Mix  four  volumes  of  a  cold  saturated  aqueous  solution  of  red 
chromate  of  potassium  with  five  of  oil  of  vitriol;  on  cooling, 
chromic  anhydride  (CrOg)  (Acidum  Chromicum,  U.  S.  P.)  separates 
in  crimson  needles.  After  well  draining,  the  crystals  may  be 
freed  from  adhering  sulphuric  acid  by  washing  once  or  twice  with 
nitric  acid:  the  latter  may  be  removed  by  passing  dried  and 
slightly  warmed  air  through  a  tube  containing  the  crystals.  In 
contact  with  moisture  chromic  anhydride  takes  up  water  and 
forms  solution  of  true  chromic  acid  (H^CrO^).  Chromic  anhy- 
dride is  a  powerfully  corrosive  oxidizing  agent ;  it  melts  between 
356°  r.  and  374°  P. 

The  oxygen  in  chromic  acid  and  other  chromates,  and  in 
manganates,  permanganates,  black  oxide  of  manganese,  and 
puce-coloured  oxide  of  lead,  is  in  a  physically  different  state  to 
that  in  peroxide  of  hydrogen,  peroxide  of  barium,  and  similar 
compounds.  On  bringing  chromic  acid,  or  the  above  acidified 
solution  of  red  chromate  of  potassium,  into  contact  with  solution 
of  peroxide  of  hydrogen  a  strong  effervescence  of  oxygen  ensues. 
According  to  Schonbein  and  Brodie  the  oxygen  in  chromic  acid 
is  in  the  negative  or  ozonic  state,  while  that  of  peroxide  of 
hydrogen  is  in  the  positive  or  antozonic  condition.  Eoth  are 
equally  active,  but  neutralize  each  other,  forming  neutral  or 
ordinary  oxygen. 

In  the  analytical  examination  of  solutions  containing  chro- 
mates, the  chromium  will  always  come  out  in  the  state  of  green 
chromic  hydrate  along  with  ferric  hydrate  and  alumina,  the  prior 
treatment  by  sulphuretted  hydrogen  reducing  the  chromium  in 
the  molecule  to  the  lower  state,  thus : — 

K,CrO„  CrOg  4-  8HC1  +  3H,S  =  Ct,C\  -f  2KC1  +  7H,0  -f-  S3. 
Chromium  having  been  found  in  a  solution,  its  condition  as  chro- 
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mate  may  be  ascertained  by  applying  to  the  original  solution 
salts  of  barium,  mercury,  lead,  and  silver.  (See  the  various 
paragraphs  relating  to  those  metals.) 

EaSTTOg    gives  yellow  EaCrO^  with  chromates. 
Hgl^03       „    red  Hg.CrO, 
Agl^03        „    red  Ag,CrO, 

„  ,j     55       -^ga^^C)^,  CrOg  with  bichromates. 

Pb2C,H302  „    yeUow  PbCrO,  with  both. 

Mtrate  of  barium  does  not  completely  precipitate  bichromates, 
bichromate  of  barium  being  soluble  in  water ;  the  chromate  of 
barium  is  insoluble  in  water  or  acetic  acid,  but  soluble  in  hydro- 
chloric or  nitric  acid.  Mercurous  nitrate  does  not  wholly  pre- 
cipitate bichromates  :  mercuric  nitrate  or  chloride  only  partially 
precipitates  chromates,  and  does  not  precipitate  bichromates. 
The  mercurous  chromate  is  insoluble,  or  nearly  so,  in  diluted 
nitric  acid.  The  silver  chromates  are  soluble  in  acids  and  alkalies. 
Acetate  of  lead  precipitates  chromates  and  bichromates,  acetic 
acid  being  set  free  in  the  latter  case. 

A  delicate  reaction  for  dry  chromates  will  be  found  in  the 
formation  of  chlorochromic  anhydride  (CrO^Cl^).  A  small  portion  of 
the  chromate  is  placed  in  a  test-tube  with  a  fragment  of  dry  chlo- 
ride of  sodium  and  a  drop  or  two  of  oil  of  vitriol,  and  the  mixture 
heated ;  red  irritating  fumes  of  chlorochromic  anhydride  are 
evolved  and  condense  in  dark  red  drops  on  the  side  of  the  tube. 

Larger  quantities  of  pure  distilled  chlorochromic  anhydride  are 
obtained  by  the  same  reaction,  the  operation  being  conducted  in 
a  retort,  with  thoroughly  dry  materials,  for  the  compound  is 
decomposed  by  water.  It  may  be  regarded  as  chromic  anhydride 
in  which  an  atom  of  oxygen  is  displaced  by  an  equivalent 
quantity  (two  atoms)  of  chlorine.  It  is  not  used  in  medicine, 
but  is  of  interest  to  the  chemical  student  as  being  an  illustration 
of  a  large  class  of  similar  hodies—chloro-acidulous  or  chloro- 
anhydro  compounds. 

Analytical  Reactions  of  Chromium  Salts  (Tests). 
First  Analytical  Reaction, — To  solution  of  a  salt  of  chromium 
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(chloride,  sulphate,  or  chrome  alum)  add  sulphydrate  of  ammo- 
nium ;  a  bulky  green  precipitate  of  chromic  hydrate  (Cr^GHO), 
containing  a  large  quantity  of  water  (7  molecules,  TH^O),  is 
precipitated. 

Ci,C\  +  6AmHS  +  6H,0  =  Cr,6H0  +  6AmCl  +  6H^S. 

Second  Analytical  Reaction. — To  solution  of  a  chromium  salt 
add  ammonia ;  chromic  hydrate  is  precipitated,  insoluble  in 
excess. 

Third  Analytical  Reaction. — To  solution  of  a  chromium  salt 
add  solution  of  potash  or  soda  drop  by  drop ;  chromic  hydrate  is 
precipitated.  Add  excess  of  the  fixed  alkali ;  the  precipitate  is 
dissolved.  Well  boil  the  solution ;  the  chromic  hydrate  is  repre- 
cipitated. 

Iron,  Chromium,  and  Aluminium  Salts,  chemically  so  alike, 
may  be  separated  by  this  reaction.  Ferric  hydrate  is  insoluble 
in  solutions  of  the  fixed  alkalies,  cold  or  hot ;  chromium  hydrate 
soluble  in  cold  but  not  in  hot ;  hydrate  of  aluminium  in  both. 
To  a  solution  containing  all  three  metals,  therefore,  add  potash 
or  soda,  stir,  and  filter ;  the  iron  is  thrown  out :  boil  the  filtrate, 
and  filter ;  the  chromium  is  thrown  out :  neutralize  the  filtrate 
by  acid,  and  then  add  ammonia  ;  the  aluminium  is  thrown  out. 
The  three  hydrates  are  insoluble  in  ammonia,  and  may  therefore 
be  easily  separated  from  the  hydrates  of  the  somewhat  analogous 
metals  zinc,  cobalt,  nickel,  and  manganese. 

Fourth  Analytical  Reaction. — Add  a  salt  of  chromium  (either 
of  the  above  precipitates  of  chromic  oxide  or  the  dry  residue  of 
the  evaporation  of  a  few  drops  of  a  solution  of  a  chromium  salt) 
to  a  few  grains  of  nitre  and  carbonate  of  sodium  on  platinum  foil, 
and  fuse  the  mixture  in  the  blowpipe-fiame ;  a  yellow  mass  of 
chromate  of  potassium  and  sodium  (KNaCrO^)  is  formed.  Dis- 
solve the  mass  in  water,  add  acetic  acid  to  decompose  excess  of 
carbonate,  and  apply  the  reagents  for  chromates. 

This  is  a  delicate  and  useful  reaction  if  carefully  performed. 
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TIN. 

Symbol  Sn.    Atomic  weight  118. 

Source. — The  chief  ore  of  tin  is  stannic  oxide  (SnO^),  occurring 
in  veins  under  the  name  of  tinstone,  or  in  alluvial  deposits  as 
stream-tin.    The  principal  mines  are  those  of  Cornwall. 

Preparation. — The  metal  is  obtained  by  reducing  the  roasted 
and  washed  ore  by  charcoal  or  anthracite  *  coal  at  a  high  tem- 
perature, and  is  purified  by  slowly  heating,  when  the  pure  tin, 
fusing  first,  is  run  ofiP,  a  somewhat  less  fusible  alloy  of  tin  with 
small  quantities  of  arsenicum,  copper,  iron,  or  lead  remaining.  The 
latter  is  known  as  hlocJc  tin ;  the  former  heated  till  brittle  and 
then  hammered  or  let  fall  from  a  height  splits  into  prismatic 
fragments  resembling  starch  or  basalt,  and  is  named  drop^jed  or 
grain  tin.  Good  tin  emits  a  crackling  noise  in  bending,  termed 
the  cry  of  tin,  caused  by  the  friction  of  its  crystalline  particles 
on  each  other. 

Uses. — Tin  is  an  important  constituent  of  such  alloys  as 
pewter,  Britannia  metal,  solder,  speculum-metal,  bell-metal, 
gun-metal,  and  bronze.  It  is  very  ductile,  and  may  be  rolled 
into  plates  or  leaves,  known  as  tin  foil,  varying  from  -^-J-^j  to  y 
of  an  inch  in  thickness.  Common  tin  foil,  however,  usually  con- 
tains a  large  proportion  of  lead.  The  reflecting  surface  of  most 
loohing-glasses  is  an  amalgam  of  tin  and  mercury,  produced  by 
carefully  sliding  a  plate  of  glass  over  a  sheet  of  tin  foil  on  which 
mercury  has  been  rubbed  and  then  excess  of  mercury  poured. 
Pins  are  made  of  brass  wire  on  which  tin  is  deposited.  Tin  plate, 
of  which  common  utensils  are  made,  is  iron  alloyed  with  tin  by 
dipping  the  cleansed  sheet  into  melted  tin.  Tin  tacJcs  are  in 
reality  tinned  iron  tacks,  a  tin  nail  would  be  too  soft  to  drive 
into  wood.  Tin  may  be  granulated  by  melting  and  triturating 
briskly  in  a  hot  mortar,  by  shaking  melted  tin  in  a  box  on  the 
inner  sides  of  which  chalk  has  been  rubbed,  or,  in  thin  little  bells 
or  corrugated  fragments  (Granulated  Tin,  B.  P.),  by  melting  in  a 
ladle  and,  as  soon  as  fluid,  pouring  from  the  height  of  a  few  feet 
into  water.  Powdered  tin  has  been  used  medicinally  as  a 
mechanical  irritant  to  promote  expulsion  of  worms.  The  hairs 
of  the  pod  of  Kiwach  or  Cowhage  (Hindustani)  {Mucuna pruriens) 

*  Anthracite  (from  dv9pa^,  anthrax,  a  burning  coal)  or  sto7ie  coal  differs  • 
from  the  ordinary  bituminous  or  caking  coal  in  containing  less  volatile 
matter,  and,  therefore,  in  burning  without  flame.  It  gives  a  higher  tempe- 
rature, and  from  its  non-caking  properties  is,  in  furnace-operations,  more 
manageable  than  bituminous  coal. 
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(P.I.)  is  almost  the  only  other  medicine  (excluding  diluents  and 
dentifrices)  which  acts  in  such  a  directly  mechanical  manner. 

The  chemical  position  of  tin  among  the  metals  is  close  to  that 
of  arsenicum  and  antimony.  Its  atom  is  quadrivalent  and  biva- 
lent. The  two  classes  of  salts  are  termed  stannic  and  stannous 
respectively.  They  are  all  made  directly  or  indirectly  from  the 
metal  itself. 

Eeactioj^^s  having  {a)  Synthetical  and  (6)  Analytical 
Intekest. 

{a)  Synthetical  Ueactions. 

Chloride  of  Tin.   Stannous  CMoride. 

First  Synthetical  Reaction. — -Warm  a  fragment  of  tin  with 
hydrochloric  acid ;  hydrogen  escapes  and  solution  of  stannous 
chloride  (SnCl^)  is  formed.  It  may  be  retained  for  future  expe- 
riments. 

One  ounce  of  tin  dissolved  in  three  fluid  ounces  of  hydro- 
chloric acid  and  one  of  water,  and  the  resulting  solution  diluted 
to  five  fiuid  ounces,  constitutes  the  Solution  of  Chloride  of 
Tin,"  B.  P. 

Solid  stannous  chloride. — By  eva|)oration  of  the  above  solution, 
stannous  chloride  is  obtainable  in  crystals  (SnCl^,  2Kfi).  It  is 
a  powerful  reducing  agent,  even  a  dilute  solution  precipitating 
gold,  silver,  and  mercury  from  their  solutions,  converting  ferric 
and  cupric  into  ferrous  and  cuprous  salts,  and  partially  deoxi- 
dizing arsenic,  manganic,  and  chromic  acids.  It  absorbs  oxygen 
from  the  air,  and  is  decomposed  when  added  to  a  large  quantity 
of  water  unless  some  acid  be  present.  It  is  used  as  a  mordant 
in  dyeing  and  calico-printing. 

PercMoride  of  Tin.  Stannic  Chloride. 
Second  Synthetical  Reaction. — Through  a  portion  of  the  solu- 
tion of  the  stannous  chloride  of  the  previous  reaction  pass 
chlorine  gas ;  solution  of  stannic  chloride  (SnClJ  is  formed.  Or 
add  hydrochloric  acid  to  the  stannous  solution,  boil,  and  slowly 
drop  in  nitric  acid  until  no  more  fumes  are  evolved ;  again 
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stannic  chloride  results.  Eeserve  the  solutions  for  subsequent 
experiments. 

Stannic  Oxide  or  Anhydride  and  Stannates. 

Tliird  Synthetical  Reaction, — Boil  a  fragment  of  tin  with  nitric 
acid,  evaporate  to  dryness,  and  strongly  calcine  the  residue ; 
light  buff-tinted  stannic  anhydride  (SnO^)  is  produced.  Heat 
the  stannic  anhydride  with  excess  of  solid  caustic  potash  or 
soda ;  stannate  of  the  alkali  metal  (K^SnOg  or  N'a^SnOg)  results. 
Dissolve  the  stannate  in  water,  and  add  hydrochloric  acid; 
white,  gelatinous  stannic  acid  (H^SnOg)  is  precipitated.  Stannic 
acid  is  also  obtained  on  adding  an  alkali  to  solution  of  stannic 
chloride :  it  is  soluble  in  excess  of  acid  or  alkali. 

The  product  of  the  action  of  nitric  acid  on  tin  is  also  an  acid, 
but,  from  its  insolubility  in  hydrochloric  and  other  acids,  is 
different  from  ordinary  stannic  acid.  It  is  termed  metastannic 
acid  (from  /^era,  meta,  beyond),  and  probably  has  a  composition 
expressed  by  the  formula  H^^SngO^g  {vide  Index,  "  Isomerism 
It  is  also  produced  on  gently  heating  stannic  acid : — 

stannic  Metastannic 
acid.  acid. 

Metastannates  have  the  general  formula  M^HgSngO^.. 

Both  acids  yield  buff-coloured  stannic  oxide  or  anhydride 
(SnO^)  when  strongly  heated.  The  latter  is  employed  in  polishing 
plate  under  the  name  of  putty  powder.  Stannate  of  sodium 
(Na^SnOg,  fflp)  is  used  as  a  mordant  by  dyers  and  calico-printers 
under  the  name  of  tin  prep)are-liquor, 

(h)  Reactions  having  Analytical  Interest  {Tests), 
Stannous  or  stannic  salts. — Heat  any  solid  tin  compound  with 
a  mixture  of  cyanide  of  potassium  and  carbonate  of  sodium"  on 
charcoal  by  the  inner  flame  of  the  blowpipe.  Globules  of  tin 
separate,  having,  when  cut  by  a  knife,  characteristic  brightness 
and  hardness. 
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STANNOUS  SALTS. 

First  Analytical  Ueaction. — Through  a  solution  of  a  stannous 
salt  (stannous  chloride,  for  example — see  page  267)  pass  sul- 
phuretted hydrogen  gas ;  brown  stannous  sulphide  (SnS)  is  pre- 
cipitated. Pour  off  the  supernatant  liquid,  add  ammonia  to  the 
moist  precipitate  (to  neutralize  acid),  and,  lastly,  yellow  sulphy- 
drate  of  ammonium  ;  the  precipitate  is  dissolved. 

Aqueous  solution  of  sulphydrate  of  ammonium  becomes  yellow 
when  a  day  or  two  old,  and  then  contains  excess  of  sulphur,  that 
element  having  become  displaced  by  oxygen  absorbed  from  the 
air :  hence  in  the  above  reaction  the  stannous  sulphide  (SnS),  in 
dissolving,  becomes  stannic  sulphide  (SnSg) ;  for  the  latter  is 
precipitated  on  decomposing  the  alkaline  liquid  by  an  acid. 

Second  Analytical  Reaction. — To  solution  of  a  stannous  salt  add 
solution  of  potash  or  soda  ;  white  stannous  hydrate  falls  (Sn2H0). 
Add  excess  of  the  alkali;  the  precipitate  dissolves.  Boil  the 
solution;  some  of  the  tin  is  reprecipitated  as  black  stannous 
oxide  (SnO). 

Ammonia  gives  a  similar  precipitate,  insoluble  in  excess.  The 
alkaline  carbonates  do  the  same,  carbonic  acid  gas  escaping. 

STANNIC  SALTS. 

Third  Analytical  Reaction. — Through  solution  of  a  stannic 
salt  (stannic  chloride,  for  example — see  p.  267)  pass  sulphu- 
retted hydrogen  gas;  yellow  stannic  sulphide  (SnS^)  is  preci- 
pitated. Pour  off  the  supernatant  liquid,  and  to  the  moist  preci- 
pitate add  ammonia  (to  neutralize  acid),  and  then  sulphydrate  of 
ammonium  ;  the  precipitate  dissolves. 

Note. — In  precipitating  stannic  sulphide  the  presence  of  too 
much  hydrochloric  acid  must  be  avoided ;  the  formation  of  the 
precipitate  is  also  facilitated  if  the  solution  be  warmed.  Stannic 
sulphide,  like  the  sulphides  of  arsenicum  and  antimony,  dissolves 
in  a  solution  of  alkaline  sulphide  or  sulphydrate,  with  formation 
of  definite  crystallizable  suljohostannates  (M'^SnSg). 
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Anhydrous  stannic  sulphide,  prepared  by  sublimation,  has  a 
yellow  or  orange  lustrous  appearance,  and  is  used  by  decorators 
as  bronzing -powder.    It  is  sometimes  termed  mosaic  gold. 

Fourth  Analytical  Reaction, — To  solution  of  a  stannic  salt  add 
potash  or  soda ;  white  stannic  acid  falls  (H^SnOg).  Add  excess 
of  the  alkali;  the  precipitate  dissolves.  Boil  the  mixture;  no 
reprecijjitation  occurs — a  fact  enabling  stannic  to  be  distinguished 
from  stannous  salts. 

Ammonia  gives  a  similar  precipitate,  soluble,  but  not  readily, 
in  excess.  The  fixed  alkali-metal  carbonates  do  the  same,  carbonic 
acid  gas  escaping;  after  a  time  the  stannic  salt  is  again  de- 
posited, probably  as  stannate  of  the  alkali-metal.  Carbonate  of 
ammonium  and  acid  carbonates  of  alkali-metals  give  a  precipitate 
of  stannic  acid  insoluble  in  excess. 

Antidotes. — In  cases  of  poisoning  by  tin  salts  (dyers'  tin-liquor 
e,  g.),  solution  of  carbonate  of  ammonium  should  be  given.  White 
of  egg  is  also  said  to  form  an  insoluble  precipitate  with  compounds 
of  tin.  Vomiting  should  be  speedily  induced,  and  the  stomach- 
pump  quickly  applied. 

GOLD. 

Symbol  Au.    Atomic  weight  196-7. 

Source, — Gold  occurs  in  the  free  state  in  nature,  occasionally 
in  nodules  or  nuggets,  but  commonly  in  a  finer  state  of  division 
termed  gold  dust. 

Preparation. — Gold  is  separated  from  the  sand,  crushed  quartz, 
or  other  earthy  matter  with  which  it  may  be  associated  by 
agitation  with  water,  when  the  gold,  from  its  relatively  greater 
specific  gravity,  falls  to  the  bottom  of  the  vessel  first,  the  lighter 
mineral  matter  being  allowed  to  run  off  with  the  water.  From 
this  rich  sand  the  gold  is  dissolved  out  by  mercury,  the  amalgam 
filtered  and  afterwards  distilled,  when  the  mercury  volatilizes 
and  gold  remains.  The  amalgamation  may  be  much  facilitated 
by  the  use  of  a  small  proportion  of  sodium,  as  described  under 
silver  (page  237). 

Pure  gold  is  too  soft  for  general  use  as  a  circulating  medium. 
Gold  coin  is  an  alloy  of  copper  and  gold,  that  of  Great  Britain 
containing  1  of  the  former  to  11  of  the  latter,  or  8^  per  cent,  of 
copper,  that  of  France,  Germany,  and  the  United  States  about 
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10  per  cent.  Jewellers^  gold  varies  in  quality,  every  24  parts 
containing  18,  15,  12,  or  9  parts  of  gold,  the  alloys  being  tech- 
nically termed  18,  15,  12,  or  9  carat  fine.  Articles  made  of  the 
better  qualities  are  usually  stamped  by  authority.  Trinkets  of 
inferior  intrinsic  worth  are  commonly  thinly  coated  with  pure 
gold  by  electro-deposition  or  otherwise.  Gold  leaf  is  nearly  pure 
gold  passed  between  rollers  till  it  is  about  -^^-^  of  an  inch  in 
thickness  and  then  hammered  between  sheets  of  animal  mem- 
brane, termed  gold-beater's  skin  and  calf-skin  vellum,  till  it 
TFdVw      2"(rwT5"(5"  moh.  in  thickness.    It  may  even  be 

hammered  till  280,000  leaves  would  be  required  to  form  a  pile 
an  inch  thick. 

Gold  Coinage. — The  weight  of  gold  is  expressed  in  this  country 
in  ounces  troy  and  decimal  parts  of  an  ounce  ;  and  the  metal  is 
always  taken  to  be  of  standard  fineness  (11  gold  and  1  alloy), 
unless  otherwise  described.  The  degree  of  fineness  of  gold,  as 
ascertained  by  assay,  is  expressed  decimally,  fine  pure  gold  ("  gold 
free  from  metallic  impurities,"  B,  P.)  being  taken  as  unity,  or 
1*000.  Thus  gold  of  British  standard  is  said  to  be  0*9166  fine, 
of  French  standard  0*900  fine.  The  legal  weight  of  the  sovereign 
is  0*2568  ounce  of  standard  gold,  or  123*274  grains.  The  weight 
came  from  one  pound  of  standard  gold  (5760  grains)  being  coined 
into  44|  guineas.  Gold  coins  are  legal  tender  to  any  amount, 
provided  that  the  weight  of  each  sovereign  does  not  fall  below 
122*5  grains,  or  in  the  case  of  a  half  sovereign  61*125  grains; 
these  are  the  "  least  current "  weights  of  the  coins. 

Note. — In  chemical  analysis  gold  comes  out  among  the  sul- 
phides of  the  metals  precipitated  by  sulphuretted  hydrogen ;  and 
of  those  sulphides,  it,  like  the  sulphides  of  tin,  antimony,  and  arse- 
nicum,  is  soluble  in  yellow  sulphydrate  of  ammonium  solution. 

Quantivalence. — Gold  is  trivalent  (Au'"),  but  in  some  com- 
pounds univalent  (Au'). 

Ee  ACTIONS. 

Synthetical  Reaction. — Place  a  fragment  of  gold  {e.  g.  gold  leaf) 
in  ten  or  twenty  drops  of  aqua  regia  (a  mixture  of  three  parts 
of  nitric  and  four  or  five  of  hydrochloric  acid),  and  set  the  test- 
tube  aside  in  a  warm  place  ;  solution  of  perchloride  of  gold  or 
auric  chloride  (AuClg)  results.  When  the  metal  is  dissolved, 
evaporate  nearly  to  dryness  to  remove  most  of  the  excess  of  acid, 
dilute  with  water,  and  retain  the  solution  for  subsequent  experi- 
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ments.    Sixty  grains  of  gold  treated  thus,  and  the  resulting 

chloride  dissolved  in  five  ounces  of  distilled  water,  constitutes 

"  Solution  of  Chloride  of  Gold/'  B.  P. 

Au,  +  2Km^  +  6IIC1  =  2AUCI3  +  2]SrO  +  4Hp. 

This  reaction  has  analytical  interest  also  ;  for  in  examining  a 
substance  suspected  to  be  or  to  contain  metallic  gold,  solution 
would  have  to  be  effected  in  the  above  way  before  reagents  could 
be  applied.  Gold  is  insoluble  in  hydrochloric,  nitric,  and  the 
weaker  acids. 

Analytical  Beactions  (Tests), 

First  Analytical  Reaction, — Through  a  few  drops  of  solution 
of  an  auric  salt  (the  chloride,  AuClg,  is  the  only  convenient  one) 
pass  sulphuretted  hydrogen;  brown  auric  sulphide  (Au^Sg)  is 
precipitated.  Filter,  wash,  and  add  yellow  sulphydrate  of  am- 
monium solution ;  the  precipitate  dissolves. 

Second  Analytical  JReaction. — To  solution  of  a  salt  of  gold  add 
ferrous  chloride  or  sulphate,  and  set  the  tube  aside ;  metallic  gold 
is  precipitated,  a  ferric  salt  remaining  in  solution. 

This  is  a  convenient  way  of  preparing  pure  gold,  or  fine  gold 
as  it  is  termed,  or  of  working  up  the  gold  residues  of  laboratory 
operations.  The  precipitate,  after  boiling  with  hydrochloric  acid, 
washing,  and  drying,  may  be  obtained  in  a  button  by  mixing  with 
an  equal  weight  of  borax  or  acid  sulphate  of  potassium  and  fusing 
in  a  good  furnace. 

Third  Analytical  Beaction. — Add  a  few  drops  of  dilute  solu- 
tions of  stannous  and  stannic  chloride  to  a  considerable  quantity 
of  distilled  water ;  pour  the  liquid,  a  small  quantity  at  a  time, 
into  a  dilute  solution  of  auric  chloride  (AuClg),  well  stirring ;  the 
mixture  assumes  a  purple  tint,  and  flocks  of  a  precipitate,  known 
as  the  Purple  of  Oassius  (from  the  name  of  the  discoverer,  M. 
Cassius),  are  produced. 

The  same  compound  is  formed  on  immersing  a  piece  of  tin  foil 
in  solution  of  auric  chloride ;  it  is  said  to  be  a  mixture  of  auric, 
aureus,  stannic,  and  stannous  oxides.  It  is  the  colouring  agent 
in  the  finer  varieties  of  ruby  glass. 
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PLATII^UM. 

Symbol  Pt.    Atomic  weight  198. 

Source. — Platinum,  like  gold,  usually  occurs  in  nature  in  the 
free  state,  the  chief  sources  of  supply  being  Mexico,  Brazil,  and 
Siberia.    It  is  separated  from  the  alluvial  soil  by  washing. 

Uses. — The  chief  use  of  platinum  is  in  the  construction  of  foil, 
wire,  crucibles,  spatulas,  capsules,  evaporating-dishes,  and  stills, 
for  the  use  of  the  chemical  analyst  or  manufacturer.  It  is  tole- 
rably hard,  fusible  with  very  great  difficulty,  not  dissolved  by 
hydrochloric,  nitric,  or  sulphuric  acid,  and  only  slightly  affected 
by  alkaline  substances.  It  is  attacked  by  aqua  regia  with  pro- 
duction of  perchloride  of  platinum  or  platinic  chloride  (PtCl^).  It 
forms  fusible  alloys  with  lead  and  other  metals,  and  with  phos- 
phorus a  phosphide  which  easily  melts.  lieither  of  these  sub- 
stances, therefore,  nor  mixtures  which  may  yield  them,  should  be 
heated  in  platinum  vessels. 

The  chemical  position  of  platinum  among  the  elements  is  close 
to  that  of  gold.  Its  atom  is  quadrivalent  in  some  compounds, 
in  others  apparently  bivalent  (Pt").  The  higher  salts  are  termed 
platinic,  the  lower  platinous. 

Ee  ACTIONS. 

PercMoride  of  Platinum.  Platinic  cMoride. 
Synthetical  Reaction. — Place  a  fragment  of  platinum  in  a  little 
aqua  regia  and  set  the  vessel  aside  in  a  warm  place,  adding  more 
acid  from  time  to  time  if  necessary ;  solution  of  perchloride  of 
platinum  (PtClJ  results.  Evaporate  the  solution  to  remove  ex- 
cess of  acid,  and  complete  the  desiccation  over  a  water-bath. 
Dissolve  the  residue  in  water,  and  retain  the  solution  for  sub- 
sequent experiments,  and  as  a  reagent  for  the  precipitation  of 
,4alts  of  potassium  and  ammonium. 

A  quarter  of  an  ounce  of  platinum  treated  in  the  above  man- 
ner, and  the  resulting  chloride  dissolved  in  five  ounces  of  water, 
constitutes    Solution  of  Perchloride  of  Platinum,"  B.  P. 

This  reaction  has  analytical  interest  also  ;  for  in  examining  a 
substance  suspected  to  be  or  to  contain  metallic  platinum,  solu- 
tion would  have  to  be  thus  effected  before  reagents  could  be 
applied. 

k5 
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Analytical  Reactions  (Tests). 

First  Analytical  Reaction, — Through  a  few  drops  of  a  solution 

of  a  platinic  salt  (PtCl^  is  the  only  convenient  one)  to  which  an 

equal  quantity  of  solution  of  chloride  of  sodium  has  been  added, 

pass  sulphuretted  hydrogen ;  dark  brown  platinic  sulphide  (PtS^) 

is  precipitated.    Pilter,  wash^  and  add  sulphydrate  of  ammonium ; 

the  precipitate  dissolves. 

If  chloride  of  sodium  be  not  present  in  the  above  reaction,  the 
precipitated  sulphide  will  contain  platinous  chloride,  and  may 
detonate  when  heated. 

Second  Analytical  Reaction. — Add  excess  of  solution  of  carbo- 
nate of  sodium  and  some  sugar  to  solution  of  perchloride  of  pla- 
tinum and  boil ;  a  precipitate  of  metallic  platinum  falls. 

Platinum  hlacJc(B.  P.)  is  the  name  of  this  precipitate.  It  pos- 
sesses in  a  high  degree  a  quality  common  to  many  substances, 
but  largely  possessed  by  platinum,  namely  that  of  absorbing  or 
occluding  gases.  In  its  ordinary  state,  after  well  washing  and 
drying,  it  absorbs  from  the  air  and  retains  many  times  its  bulk 
of  oxygen.  A  drop  of  ether  or  alcohol  placed  on  it  is  rapidly 
oxidized,  the  platinum  becoming  hot.  This  action  may  be  pret- 
tily shown  by  pouring  a  few  drops  of  ether  into  a  beaker  (one 
having  portions  of  the  top  and  sides  broken  off  answers  best), 
loosely  covering  the  vessel  with  a  card,  and  suspending  within 
the  beaker  a  platinum  wire,  one  end  being  attached  to  the  card 
by  passing  through  its  centre,  the  other  terminating  in  a  short 
coil  or  helix  near  the  surface  of  the  ether :  on  now  warming  the 
helix  in  a  flame  and  then  rapidly  introducing  it  into  the  beaker, 
it  will  become  red-hot  and  continue  to  glow  so  long  as  there  is 
ether  in  the  vessel.  In  this  experiment  real  combustion  goes  on 
between  the  ether  vapour  and  the  concentrated  oxygen  of  the 
air,  the  products  of  the  oxidation  revealing  themselves  by  their 
odour. 

Third  Analytical  Reaction. — To  solution  of  perchloride  of  pla- 
tinum add  solution  of  chloride  of  ammonium  ;  a  yellow  granular 
precipitate  of  double  chloride  of  platinum  and  ammonium  (PtCl^, 
2AmCl)  falls.  When  slowly  formed  in  dilute  solutions,  the  pre- 
cipitate is  obtained  in  minute  orange  prisms. 
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Chloride  of  potassium  (KCl)  gives  a  similar  precipitate  (PtCl^ 
2KC1).  Platinic  chloride  having  been  stated  to  be  a  test  for 
potassium  and  ammonium  salts  the  reader  is  prepared  to  find 
that  potassium  and  ammonium  salts  are  tests  for  platinic  salts. 
The  double  sodium  compound  (PtC1^2^^aCl)  is  soluble  in  water. 

Collect  the  precipitate,  dry,  and  heat  in  a  small  crucible ;  it  is 
decomposed,  and  metal,  in  the  finely  divided  state  of  spongy  pla- 
tinum,  remains. 

3(PtCl,2jSrH^Cl)  =  Ptg  +  2ra,Cl  +  16HC1  +  2N,. 

Heat  decomposes  the  salt  of  potassium  into  Pt  +  2KC1 -f- Cl^,  the 
chlorine  escaping  and  the  chloride  of  potassium  remaining  with 
the  platinum. 

In  ivorTcing  up  the  platinum  residues  of  laboratory  operations^ 
the  mixture  should  be  dried,  burnt,  boiled  successively  with  hydro- 
chloric acid,  water,  nitric  acid,  water,  then  dissolved  in  aqua  regia, 
excess  of  acid  removed  by  evaporation,  chloride  of  ammonium 
added,  the  precipitate  washed  with  water,  dried,  ignited,  and  the 
resulting  spongy  platinum  retained  or  converted  into  perchloride 
for  use  as  a  reagent  for  alkali -metals.  It  is  by  this  process  that 
the  native  platinum  is  treated  to  free  it  from  the  rare  metals  pal- 
ladium, rhodium,  osmium,  ruthenium,  and  iridium.  The  spongy 
platinum  is  converted  into  the  massive  condition  by  a  refinement 
on  the  blacksmith's  process  of  welding  (German  wellen,  to  join), 
or  by  fusing  in  a  flame  of  pure  oxygen  and  hydrogen  gases — the 
oxy hydrogen  blowpipe. 

Occlusion  by  spongy  platinum. — Spongy  platinum  has  great 
power  of  occlusion.  A  small  piece  held  in  a  jet  of  hydrogen 
causes  ignition  of  the  gas,  owing  to  the  close  approximation  of 
particles  of  oxygen  (from  the  air)  and  hydrogen.  Dobereiner's 
lamp  is  constructed  on  this  principle — the  apparatus  being  essen- 
tially a  vessel  in  which  hydrogen  is  generated  by  the  action  of 
diluted  sulphuric  acid  on  zinc,  and  a  cage  for  holding  the  spongy 
platinum. 

CADMIUM. 

Symbol  Cd.    Atomic  weight  112. 

In  most  of  its  chemical  relations  cadmium  resembles  zinc.  In 
nature  it  occurs  chiefly  as  an  occasional  constituent  of  the  ores 
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of  that  metal.  In  distilling  zinc  containing  cadmium,  the  latter, 
being  the  more  volatile,  passes  over  first.  In  analytical  operations 
cadmium,  nnlike  zinc,  comes  down  among  the  metals  precipitated 
by  sulphuretted  hydrogen ;  that  is,  its  sulphide  is  insoluble  in 
dilute  hydrochloric  acid,  while  sulphide  of  zinc  is  soluble.  It  is 
a  white  malleable  metal,  nearly  as  volatile  as  mercury.  Sp. 
gr.  8-7. 

Eeyond  the  occasional  employment  of  the  sulphide  as  a  pigment 
(jaune  hriUiant),  and  the  iodide  in  photography  and  medicine, 
cadmium  and  its  salts  are  but  little  used.  The  atom  of  cadmium 
is  bivalent  (Cd"). 

Eeactiojj^s. 

Iodide  of  Cadmium. 

Synthetical  Reaction, — Digest  together  in  a  flask,  metallic 
cadmium,  warm  water,  and  iodine,  until  the  colour  of  the 
iodine  disappears ;  solution  of  iodide  of  cadmium  (Cadmii  lodi- 
dum,  B.  P.)  (Cdl^)  remains.  Pearly  micaceous  crystals  may  be 
obtained  on  evaporating  the  solution. 

This  is  the  process  alluded  to  in  the  British  Pharmacopoeia. 
The  compound  is  used  in  medicine  in  the  form  of  ointment, 
Ungmntum  Cadwii  lodidi,  B.  P.  The  salt  is  also  employed,  with 
other  iodides,  in  iodizing  collodion  for  photographic  purposes.  It 
melts  when  heated,  and  is  soluble  in  water  or  spirit,  the  solution 
reddening  litmus  paper. 

First  Analytical  Reaction. — Through  solution  of  a  cadmium 
salt  (Cdl^  or  CdCl^)  pass  sulphuretted  hydrogen ;  a  yellow  pre- 
cipitate of  sulphide  of  cadmium  (CdS)  falls,  resembling  in  appear- 
ance arsenious,  arsenic,  and  stannic  sulphides.  Add  sulphydrate 
of  ammonium ;  the  precipitate,  unlike  the  sulphides  just  men- 
tioned, does  not  dissolve. 

Sulphides  of  cadmium  and  copper  may  be  separated  by  solution 
of  cyanide  of  potassium,  in  which  sulphide  of  copper  is  soluble 
and  sulphide  of  cadmium  insoluble. 

Second  Analytical  Reaction, — To  a  cadmium  solution  add  solu- 
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tion  of  potash ;  white  hydrate  of  cadmium  (Cd2H0)  is  precipi- 
tated, insoluble  in  excess  of  the  potash. 

Hydrate  of  zinc  (Zn2H0),  precipitated  under  similar  circum- 
stances, is  soluble  in  solution  of  potash ;  the  filtrate  from  the 
hydrate  of  cadmium  may  therefore  be  tested  for  any  zinc  oc- 
curring as  an  impurity  by  applying  the  appropriate  reagent — 
sulphydrate  of  ammonium. 

Before  the  hlowjpipe- flame,  on  charcoal,  cadmium  salts  give  a 
brown  deposit  of  oxide  of  cadmium  (CdO). 

BISMUTH. 

Symbol  Bi.    Atomic  weight  208. 

Source. — Bismuth  occurs  in  the  metallic  state  in  nature.  It 
is  freed  from  adherent  quartz  etc.  by  simply  heating,  when  the 
metal  melts,  runs  off,  and  is  collected  in  appropriate  vessels.  It 
is  also  met  with  in  combination  with  other  elements.  Bismuth 
is  greyish  white,  with  a  distinct  pinkish  tinge. 

Uses. — Beyond  the  employment  of  some  of  its  compounds  in 
medicine,  bismuth  is  but  little  used.  Melted  bismuth  expands 
considerably  on  solidifying,  and  hence  is  valuable  in  taking  sharp 
impressions  of  dies.  It  is  a  constituent  of  some  kinds  of  type- 
metal  and  of  pewter-solder. 

The  position  of  bismuth  among  the  metals  is  close  to  that  of 
arsenicum  and  antimony.  Its  atom  is  rarely  quinquivalent  (Bi'^), 
but  in  most  compounds  trivalent  (Bi'"). 

Keactions  HAviis-a  {a)  Synthetical  and  (5)  Analytical 
Inteeest. 

(a)  Reactions  having  Synthetical  Interest, 
Nitrate  of  Bismuth. 
First  Synthetical  Reaction. — To  a  few  drops  of  nitric  acid  and 
an  equal  quantity  of  water  in  a  test-tube  add  a  little  powdered 
bismuth,  heating  the  mixture  if  necessary;  nitric  oxide  (NO) 
escapes  and  solution  of  nitrate  of  bismuth  (BiS'NO^)  results. 
Bi,    +    SUm^    =    2(BmO^)    +    2N0    +  4H,0 

Bis-  Nitric  acid.  Nitrate  of  Nitric  Water, 

muth.  bismuth.  oxide. 
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The  solution  evaporated  gives  crystals  (BiSJ^Og,  5H^0),  any 
arsenicum  which  the  bismuth  might  contain  remaining  in  the 
mother-liquor.  I^ative  bismuth  (Bismuthum,  B.  P.)  commonly 
contains  arsenicum,  most  of  which  is  removed  by  roasting  or  by 
fusing  two  or  three  times  with  a  tenth  of  its  weight  of  nitre 
(Bismuthum  Purificatum^  B.  P.),  or,  finally,  by  converting  the 
metal  into  oxynitrate,  as  described  in  the  next  reaction,  and  re- 
ducing this  with  charcoal  at  a  high  temperature. 

To  make  nitrate  of  bismuth  and  other  salts  on  a  larger  scale, 
2  ounces  of  the  metal,  in  small  fragments,  are  gradually  added 
to  a  mixture  of  4  fluid  ounces  of  nitric  acid  and  3  of  water,  and, 
when  effervescence  (due  to  escape  of  nitric  oxide)  has  ceased,  the 
mixture  is  heated  for  ten  minutes,  poured  off  from  any  insoluble 
matter,  evaporated  to  2  fluid  ounces  to  remove  excess  of  acid, 
and  then  either  set  aside  for  crystals  to  form,  or  poured  into  half  a 
gallon  of  water  to  form  the  oxynitrate  of  bismuth,  or  into  a  solu- 
tion of  6  ounces  of  carbonate  of  ammonium  in  a  quart  of  water 
to  form  the  oxycarhonate  as  described  in  the  following  reactions. 

The  precipitates  should  be  washed  with  cold  water  and  dried  at 
a  temperature  not  exceeding  150°  I".  Exposed  in  the  moist 
state  to  212°  for  any  length  of  time,  they  undergo  slight  decom- 
position. 

Subnitrate  or  Oxynitrate  of  Bisimith. 

Second  Synthetical  Reaction, — Pour  some  of  the  above  solution 
of  nitrate  into  a  considerable  quantity  of  water ;  decomposition 
occurs  and  oxynitrate  of  bismuth  (BiOlN'Og)  in  a  hydrous  state 
(BiOlNi Og, up)  (Bismuthi  Suhnitras,  B.  P.)  is  precipitated: — 

BiSm,    +    Hp    =    BiOI^Og    +  2KN0^ 

Nitrate  of  Water.  Oxynitrate  of  Nitric  acid, 

bismuth.  bismuth. 

Filter,  and  test  the  filtrate  for  bismuth  by  adding  excess  of  car- 
bonate of  sodium ;  a  precipitate  shows  that  some  bismuth  remains 
in  solution.    The  following  equation,  therefore,  probably  more 
nearly  represents  the  decomposition  : — 
5(Bi3I^Og)  -f-  8H,0  =  4(BiOKOg,  H^)  -\-  BiSNOg,  8HNO3 

Nitrate  of  Water.  Oxynitrate  of  Nitrate  of  bismuth 

bismuth.  bismuth.  in  acid. 

Decomposition  of  nitrate  of  bismuth  by  water  is  the  process 
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of  the  British  Pharmacopoeia  for  the  preparation  of  oxynitrate  or 
"  subnitrate of  bismuth  for  use  in  medicine.  For  this  purpose 
the  original  metal  must  contain  no  arsenicum.  In  manufacturing 
the  compound,  therefore,  before  pouring  the  solution  of  nitrate 
into  water,  the  liquid  should  be  tested  for  arsenicum  by  one  of  the 
hydrogen  tests ;  if  that  element  be  present,  the  solution  must  be 
evaporated  and  only  the  deposited  crystals  be  used  in  the  pre- 
paration of  the  oxynitrate.  For  on  pouring  an  arsenical  solution 
of  nitrate  of  bismuth  into  water,  the  arsenicum  is  not  wholly 
removed  in  the  supernatant  liquid,  unless  the  oxynitrate  be  re- 
dissolved  and  reprecipitated  several  times,  according  to  the 
amount  of  arsenicum  present. 

Subnitrate  of  Bismuth  is  sometimes  administered  in  the  form 
of  a  lozenge  (Trochisci  Bismuthi^  B.  P.).  It  is  used  as  a  cosmetic 
under  the  name  of  Pearl-white  {Blanc  de  Perle), 

Oxy salts  of  Bismuth. — It  will  be  noticed  that  the  formula  for 
subnitrate  of  bismuth  (BiN'O^)  does  not  accord  with  that  of  other 
nitrates,  the  characteristic  elements  of  which  are  l^Og.  Analogy 
would  seem  to  indicate,  however,  that  the  fourth  atom  of  oxygen 
has  different  functions  to  the  three  in  the  WO3 ;  for  on  pouring 
solution  of  chloride  of  bismuth  (BiClg)  into  water,  oxychloride  is 
produced  (BiOCl)  (a  white  powder  used  as  a  cosmetic,  also  in  ena- 
mels and  in  some  varieties  of  sealing-wax).  The  bromide  (BiBrg) 
and  iodide  (Bilg)  similarly  treated  yield  oxybromide  (BiOBr)  and 
oxyiodide  (BiOI).  The  subnitrate  (BilN'O^)  is,  therefore,  pro- 
bably an  analogous  compound,  an  oxynitrate  (BiONOg).  The 
sulphate  (Bi^SSOJ  also  decomposes  when  placed  in  water,  giving 
what  may  be  termed  an  oxysulphate  (Bi^O^SOJ. 

It  is  difficult  to  prove  whether  or  not  the  water  in  the  "  sub- 
nitrate "  or  hydrous  oxynitrate  of  bismuth  (BiOlN'Og,  H  fi)  is  an 
integral  part  of  the  salt.  If  it  is,  the  compound  is  simply  the 
hydrato-nitrate  (BiN032II0)  of  bismuth. 


Oxide  of  Bismiitli. 

Third  Synthetical  Beaction. — Boil  subnitrate  of  bismuth  with 
solution  of  soda  for  a  few  minutes  ;  it  is  converted  into  yellowish 
oxide  of  bismuth  (Bi^Og)  {Bismuthi  Oxidum,  B.  P.). 

2BiON03  4-  2I^aH0  =  Bi.Og  +  + 

Oxynitrate  of        Hydrate  of        Oxide  of         Nitrate  of  Water, 
bismuth.  sodium.  bismuth.  sodium. 
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Snbcarbonate  or  Oxycarbonate  of  Bismutli. 

Fourth  Synthetical  Reaction. — To  solution  of  nitrate  of  bismuth 
add  carbonate  of  ammonium ;  a  white  precipitate  of  hydrous 
oxycarbonate  (2Bi202C03,  II2O)  (BismiUhi  Carhonas,  B.  P.)  falls. 

4(Bi3]^03)  +  3]Sr,II^^C303  =  12N'H^]^03  +  2Bip^C03  -f  7C0, 

Nitrate  of  *'  Carbonate "  of  Nitrate  of  Oxycarbonate  Carbonic 

bismuth.  ammonium.  ammonium.  of  bismuth.        acid  gas. 

This  compound  may  be  regarded  as  similar  in  constitution  to 
the  oxysalts  just  described.  In  Bi^COg  one  scarcely  recognizes 
the  characteristic  elements  of  carbonates ;  but  considering  the 
preparation  to  be  an  oxj^carbonate  (Bi^O^COg)  its  relations  to 
carbonates  and  oxides  are  evident.  These  subsalts  may  all  be 
viewed  as  normal  bismuth  salts  in  which  an  atom  of  oxygen 
displaces  an  equivalent  proportion  of  other  acidulous  atoms  or 
radicals : — 

Chloride   BiSCl         Oxychloride  ....  BiOCl 

Bromide   Bi3Br        Oxybromide  ....  BiOBr 

Iodide    Bi3I  Oxyiodide   BiOI 

Nitrate   Bi3^^'03      Oxynitrate    BiON03 

Sulphate    Bi^3S0,      Oxysulphate    ..  Bi^O.SO^ 

Carbonate  (unknown)  Bi23C03      Oxycarbonate  .  .  Bi202C03 

They  may  be  viewed,  in  short,  as  salts  in  process  of  conversion 
to  oxide  ;  continue  the  substitution  a  little  further,  and  each 
yields  oxide  of  bismuth  (Bi^Og).  They  have  also  been  considered 
to  be  salts  of  a  hypothetical  univalent  radical  bismuthyl  (BiO). 

Citrate  of  Bismntli. 

Fifth  Bynthetical  Reaction. — To  solution  of  nitrate  of  bismuth 
add  citric  acid  and  then  solution  of  ammonia  until  the  precipitate 
at  first  formed  is  redissolved,  and  the  liquid  after  shaking  has  a 
slight  ammoniacal  odour.  The  product  contains  citrate  of  bis- 
muth (BiCgH.O^,  H^O?)  dissolved  in  solution  of  citrate  and  nitrate 
of  ammonium.  Made  with  definite  quantities  of  ingredients  and 
an  amount  of  bismuth  salt  equivalent  to  the  three  grains  of  oxide 
(Bi^Og)  in  a  fluid  drachm,  the  solution  forms  the  Liquor  Bismuthi 
et  Ammonim  Citratis,  B.  P.). 
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(h)  Reactions  having  Analytical  Interest  (Tests). 
First  Analytical  Reaction. — Through  solution  of  a  bismuth  salt 
(a  slightly  acid  solution  of  nitrate,  for  example)  pass  sulphuretted 
hydrogen ;  a  black  precipitate  of  sulphide  of  bismuth  (Bi^Sg) 
falls.  Add  ammonia  (to  neutralize  acid)  and  then  sulphjdrate 
of  ammonium ;  the  precipitate,  unlike  As^Sg  and  Sb^Sg,  is  in- 
soluble. 

Second  Analytical  Reaction. —  Concentrate  almost  any  acid 
solution  of  a  bismuth  salt  and  pour  into  water ;  a  white  salt  is 
precipitated. 

This  reaction  is  characteristic  of  bismuth  salts :  it  has  already 
been  amply  explained.  The  precipitate  is  distinguished  from 
one  formed  by  antimony  under  similar  circumstances,  by  being 
insoluble  in  solution  of  tartaric  acid. 

Third  Analytical  Reaction. — To  a  solution  of  a  bismuth  salt 
add  an  alkali ;  hydrate  of  bismuth  (Ei3H0)  is  precipitated  in- 
soluble in  excess. 


The  reader  is  again  advised  to  trace  out  the  exact  nature  of 
each  of  the  foregoing  reactions,  chiefly  by  aid  of  equations  or 
diagrams. 


QUESTIOITS  AND  EXEECISES. 

341.  Enumerate  the  fifteen  metals,  salts  of  which  are  frequently 
employed  in  pharmacy. 

342.  Mention  the  eleven  rarer  metals. 

343.  JSTame  the  sources  and  official  compounds  of  lithium. 

344.  Explain  the  formation  of  Citrate  of  Lithium. 

345.  What  is  the  strength  of  Liquor  Lithice  Effervescens  ? 

346.  On  what  chemical  hypothesis  are  lithium  compounds  ad- 
ministered to  gouty  patients  ? 

347.  Describe  the  relation  of  lithium  to  other  metals. 

348.  What  is  the  chief  test  for  lithium  ? 
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349.  Write  a  paragraph  on  strontium,  its  natural  compounds, 
cliemical  relations,  technical  applications,  and  tests. 

350.  What  are  the  formula  and  properties  of  oxalate  of 
cerium  ? 

351.  Kame  the  commonest  ore  of  manganese ;  and  give  an 
equation  descriptive  of  its  reaction  with  hydrochloric  acid. 

352.  Explain  the  formation  of  permanganate  of  potassium, 
employing  diagrams  or  equations. 

353.  In  what  manner  do  the  manganates  of  potassium  act  as 
disinfectants  ? 

354.  What  are  the  chief  tests  for  manganese  ? 

355.  What  are  the  chief  uses  of  the  compounds  of  cobalt? 

356.  How  are  salts  of  cobalt  analytically  distinguished  from 
those  of  nickel  ? 

357.  Mention  an  application  of  nickel  in  the  arts. 

358.  What  is  the  general  colour  of  nickel  salts  ? 

359.  State  the  method  of  preparation  of  red  chromate  of 
potassium. 

360.  Give  the  formulae  of  red  and  yellow  chromates  of 
potassium. 

361.  How  is  red  chromate  of  potassium  obtained  ? 

362.  Describe  the  action  of  sulphuretted  hydrogen  on  acidified 
solutions  of  chromates. 

363.  What  is  the  formula  of  chrome  alum  ? 

364.  Mention  the  chief  tests  for  the  chromic  radical,  and  for 
chromium. 

365.  How  would  you  detect  iron,  chromium,  and  aluminium 
in  a  solution  ? 

366.  Define  the  terms  tinstone,  stream-tin,  block  tin,  grain 
tin,  tin-plate. 

367.  Describe  the  position  occupied  by  tin  in  relation  to  other 
metals. 

368.  What  is  the  difference  between  stannic  acid  and  meta- 
stannic  acid  ? 

369.  State  the  applications  of  tin  in  the  arts. 

370 .  Mention  the  chief  tests  for  stannous  and  stannic  salts. 

371.  IN^ame  the  best  antidote  in  cases  of  poisoning  by  tin 
solutions. 

372.  How  is  gold  dust  separated  from  the  earthy  matter  with 
which  it  is  naturally  associated  ? 

373.  How  much  pure  gold  is  contained  in  English  coin  and  in 
jewellers'  gold  ? 

374.  State  the  average  thickness  of  gold  leaf. 
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375.  What  is  the  weight  of  a  sovereign  ? 

376.  Explain  the  term  '^fineness"  as  applied  to  gold. 

377.  What  effect  is  produced  on  gold  by  hydrochloric,  nitric, 
and  nitrohydrochloric  acids  respectively  ? 

378.  By  what  reagent  is  metalhc  gold  precipitated  from  solu- 
tions of  its  salts? 

379.  How  is  Purple  of  Cassius  prepared? 

380.  Whence  is  platinum  obtained? 

381.  Why  are  platinum  utensils  peculiarly  adapted  for  use  in 
chemical  laboratories  ? 

382.  How  is  per  chloride  of  platinum  prepared? 

383.  JN'ame  the  chief  tests  for  platinum. 

384.  What  is  "platinum  black?" 

385.  Describe  an  experiment  demonstrative  of  the  large  amount 
of  attraction  for  gases  possessed  by  metallic  platinum. 

386.  How  is  "  spongy  platinum  "  produced  ? 

387.  Ey  what  process  may  the  metal  be  recovered  from  plati- 
num residues  ? 

388.  What  is  occlusion  in  chemistry  ? 

389.  In  what  condition  does  cadmium  occur  in  nature  ? 

390.  By  what  process  may  Iodide  of  Cadmium  be  prepared  ? 
and  in  what  form  is  it  used  in  medicine  ? 

391.  Mention  the  chief  test  for  cadmium. 

392.  Distinguish  sulphide  of  cadmium  from  other  sulphides  of 
similar  colour. 

393.  How  is  cadmium  separated  from  zinc  ? 

394.  How  does  bismuth  occur  in  nature  ? 

395.  What  is  the  quantivalence  of  bismuth  ? 

396.  Write  down  equations  descriptive  of  the  action  of  nitric 
acid  on  bismuth,  and  water  'on  nitrate  of  bismuth. 

397.  How  may  pure  salts  be  prepared  from  bismuth  containing 
arsenicum  ? 

398.  Give  a  diagram  of  the  official  process  for  the  so-called 
Carbonate  of  Bismuth. 

399.  Write  formulae  showing  the  accordance  of  the  official 
Subnitrate  and  Carbonate  with  the  other  salts  of  Bismuth,  and 
with  ordinary  Mtrates  and  Carbonates. 

400.  How  is  Liquor  Bismuthi  et  Ammonice  Citratis  prepared  ? 

401.  What  are  the  tests  for  Bismuth  ? 


284 


PRACTICAL  ANALYSIS. 


Practical  Analysis, 

Bismutli  is  the  last  of  the  metals  whose  synthetical  or  analy- 
tical relations  are  of  general  interest.  The  position  of  the  rarer 
among  the  common  metals,  and  the  influence  which  either  has  on 
the  other  during  the  manipulations  of  analysis,  will  now  be  con- 
sidered. These  objects  will  be  best  accomplished,  and  a  more 
intimate  acquaintance  with  all  the  metals  be  obtained,  by  ana- 
lyzing, or  studying  the  methods  of  analyzing,  solutions  containing 
one  or  more  metallic  salts. 

Of  the  following  Tables,  the  first  includes  directions  for  the 
analysis  of  an  aqueous  or  only  slightly  acid  solution  containing 
but  one  salt  of  any  of  the  metals  hitherto  considered.  Here  the 
colour  of  the  precipitate  or  precipitates  afforded  by  a  metal  under 
given  circumstances  must  be  relied  on  to  a  considerable  extent  in 
attempting  the  detection  of  the  various  elements. 

The  long,  folded.  Table  is  intended  as  a  chart  for  the  analysis  of 
solutions  containing  salts  of  more  than  one  of  the  common  and 
rarer  metals.  It  is  simply  a  compilation  from  the  foregoing  re- 
actions— an  extension  of  the  scheme  for  the  analysis  of  salts  of 
the  ordinary  metals.  Hence  it  often  may  be  altered  or  varied  in 
arrangement  to  suit  the  requirements  of  the  analyst. 

That  on  p.  286  is  a  mere  outline  of  the  other  two  Tables.  It 
gives  the  position  of  the  metals  in  relation  to  each  other,  and  will 
much  aid  the  memory  in  recollecting  that  relation. 

The  analysis  of  solutions  containing  only  one  metal  will,  as 
already  stated,  serve  to  impress  the  memory  with  the  character- 
istic tests  for  the  various  metals  and  other  radicals,  and  familiarize 
the  mind  with  chemical  principles.  Medical  students  seldom 
have  time  to  go  further  than  this.  More  thorough  analytical  and 
general  chemical  knowledge  is  only  acquired  by  working  on  such 
mixtures  of  bodies  as  are  met  with  in  actual  practice,  beginning 
with  solutions  which  may  contain  any  or  all  of  the  members  of  a 
group  (see  previous  pages),  then  examining  solutions  containing 
more  than  one  group,  and  finally  analyzing  liquids  in  which  are 
dissolved  several  salts  of  any  of  the  common  or  rarer  metals. 

The  Author  cannot  too  strongly  recommend  students  thoroughly 
to  master  the  art  of  analysis,  not  only  on  account  of  its  direct 
value,  but  because  its  practice  enables  the  learner  to  acquire 
rapidly  and  soundly  a  good  knowledge  of  chemistry,  and  to  im- 
prove his  general  mental  faculties  to  an  important  extent. 
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ANALYTICAL  CLASSIFICATION  OF  METALS. 
OUTLINE  OF  THE  AOTEXED  ANALYTICAL  TABLES. 


HCl 


(as  mercu- 
rous  salt) 


Pb 

(partially) 


Ag 


Cd 
Cu 


Hg 

(as  mer- 
curic salt) 

Pb 

(entirely) 

Ei 


(as  arseni- 
ous  or  arse- 
nic salt) 

Sb 
Sn 

(as  stan- 
nous or 
stannic 
salt) 

Au 


Pt 


AmHS 


Zn 


Co 


Al 


Cr  ; 


Am^C03 
Ba 

Ca 


Am  HAsO, 


Mg 


K 

]N"a 
Am 


The  laboratory  student  should  practise  the  examination  of 
aqueous  solutions  of  salts  of  the  above  metals  until  able  to  ana- 
lyze with  facility  and  accuracy. 


See  p.  256. 


TABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  SOME  OF  THE  FOREGOING:  ANALYTICAL  REACTIONS  TO  THE  ANALYSIS  OF  AN  AaUEOtTS  OR  ONLY 

ANY  OF  THE  COMMON  OR  RARER  METALS, 


Add  hydrochloric  acid. 


Precipitate 
Hg(ou9)    Pb  Ag. 
Wash,  boil  with  water,  filter. 


Precipitate 
Hg(ous)  Ag. 
Wash,  add  AmHO. 


Ppt.  I  Filti-ate 

Hg    I  Ag. 
rous).  ;  Add  HNO3. 
IBlack  j  White  ppt. 

ppt.  i 

See  also  p.  287. 


Add  H2SO4. 
White  ppt. 


Cd   Cu   Hg(ic)    Pb   Bi   Aa(ou3)(ic)  Sb 


}n(ou8)(ic)   Zn   Mn   Co   Ni    Al   Fe(ous)(ic)    Cr  Ba 
Pass  H-jS  through  the  liquid,  filter. 


Precipitate 
Cd   Cu   Hg(ie)   Pb   Bi   As    Sb  Sn 
Colleet,  wash,  digest  in  AmHS,  lilter. 


Precipitate 
Cd    Cu    Hg(ic)   Pb  Bi. 
Wash,  boil  in  HNO,,  filter. 


Hg. 
(ic) 
Black. 
Confirm 
by  Cu 
test  in 
original 
solution. 


Filtrate 
Cd   Cu   Pb  Bi. 
Add  AmHO,  filter. 


Filtrate 
As    Sb  Sn. 
Add  dilute  HCl,  filter,  drain  well,  add 
strong  HCl,  boil,  dilute  slightly,  filter. 


Precipitate  Filtrate 
Pb   Bi.       I       Cd  Cu. 
Wash,  add  a  few    Add  KCy  and 
drops^  HNO3,  di-jHjS. 

Ppt.  Filt. 


H2SO,. 
)et  aside;: 
white 
ppt.  I 
See  also  pp.  287  &  288. 


HCjHgO,- 
Brown 
ppt. 


Yellow. 
Confirm 
by  Fleit- 


Pour  into  H-apparatus. 


Sn 


mann'a    remains  on  Zn.  1  escapes 

test.      Diasolve      in  SbH.^. 

HCl,  and  apply  as  usual. 

I  tests.  I 


Au  and  Pt  are  specially  sought  when 
necessary. 


Pi  Itrate 

Zn   Mn   Co   Ni   Al   Fe   Cr   Ba  d 
Add  AmCl,  AmHO,  and  AtnHS,  v 


Precipitate 
Zn   Mn   Co   Ni   Al   Pe  Cr. 
Collect,  wash,  dissolve  in  HCl,  with  a  few  drops  of  HNOg, 
boil,  add  AmHO,  stir,  filter. 


Precipitate  * 

Fe   Al  Cr. 
Wash,  dry,  fuse  on  foil 
with  Na^COg  and  KNO. 
boil  in  water  and  filter. 


Filtrate 
Zn    Mn    Co  Ni 
Acidify  with  HC2H3O2,  pass  H2S, 
filter. 


Precipitate 
Zn   Co  Ni. 
Boil  with  HCl  and  a  little 
HNO3 ;  add  KHO,  filter, 


Add 
AmHS, 
white 
ppt. 


Precipitate 
Co  Ni. 
Dissolve  in  HCl 
and  proceed  as  di 
rected  on  p.  260. 


[To  face  page 
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Mg   L   K    Na  Am. 


Sr  Mg  L  K  Na  Am. 
xm.  gently,  and  filter. 


Filtrate 
Ca   Sr  Mg   L   K   ISTa  . 
Add  AmjCOg,  warm,  filter. 


Precipitate 
Ba    Sr  Ca. 
Colleet,    wash,  dissolve 
HC2H3O2,  add  e: 
K2Cr04,  filter. 


Ppt. 


Filtrate 
SrCa. 
Add  dilute  HgSO, 
let  stand,  filter. 


Add 
Am2C204 
white 
ppt. 


See  also  p.  2 


Filtrate 
Mg   L   K    Na  Am. 
Add  AmaHAsO^,  stir,  filter. 


Filtrate 
L   K    Na  Am. 
Evaporate  to   small  bu 
add  AmHO. 


Filtrat.- 
I      K    Na  Am. 

Evaporate,  ignite, 
dissolve.  i 
KbyPtCl,.  I 
Na  by  flame,  I 
Am  in  original  so- 
I      lution.  i 
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MeMOEANDA  relating  to  the  PEECEDIlSTa  Al^ALYTICAL  TaBLES. 

General  Memoranda. 

These  charts  are  constructed  for  the  analysis  of  salts  more  or 

less  soluble  in  water.  The  student  has  still  to  learn  how 

substances  insoluble  in  water  are  to  be  brought  into  a  state  of 
solution  ;  but,  once  dissolved,  their  analysis  is  effected  by  the  same 
scheme  as  that  just  given.  The  Tables,  especially  the  longer, 
folded,  one,  may  therefore  be  regarded  as  fairly  representing 
the  method  by  which  metallic  constituents  of  chemical  substances 

are  separated  from  each  other  and  recognized.  The  methods 

of  isolation  of  the  complementary  constituent  of  the  salt  (the  re- 
actions of  non-metals  and  acidulous  radicals)  will  form  the  next 
object  of  practical  study. 

The  general  memoranda  given  in  connexion  with  the  first 
Table  (p.  246)  are  equally  applicable  to  the  extended  second 
Table,  and  should  again  be  carefully  read  through. 

Special  Memoranda. 

The  hydrochloric-acid  precipitate  may  at  first  include  some 
antimony  and  bismuth  as  oxychlorides,  readily  dissolved,  how- 

PIP  ever,  by  excess  of  acid.  If  either  of  these  elements  be  present 

the  washings  of  the  precipitate  will  probably  be  milky;  in  that 
case  add  a  few  drops  of  hydrochloric  acid,  which  will  clear  the 
liquid  and  make  way  for  the  application  of  the  test  for  lead. 
The  sulphuretted-hydrogen  precipitate  may  be  white,  in  which 
1       case  it  is  nothing  but  sulphur ;  for,  as  already  indicated,  ferric 
salts  are  reduced  to  ferrous,  and  chromates  to  the  lower  salts  of 
I       chromium  by  sulphuretted  hydrogen,  sulphur  being  deposited  : — 

SFe.Clg  -h  2H,S  =  4reCl,  +  4HC1  +  S,; 
4H,CrO,  -f-  6H,S  -|-  121101  =  2QYfi\  +  16Hp  -\-  3S,. 

I  But  the  precipitate  may  also  be  coloured,  or  even  white  when 

I  only  lead  or  mercury  are  present,  through  an  insufficiency  of  sul- 
phuretted hydrogen  having  produced  a  peculiar  oxjsulphide  or 
hydrate -sulphide,  etc.  The  gas  should  be  passed  through  the 
liquid  until,  even  after  well  shaking,  it  smells  strongly  of  sul- 
phuretted hydrogen. 

The  portion  of  the  sulphuretted-hydrogen  precipitate  dissolved 
j       hy  sulphydrate  of  ammonium  may  include  a  trace  of  copper,  sul- 
phide of  copper  being  not  altogether  insoluble  in  sulphydrate  of 
ammonium.  -On  adding  hydrochloric  acid  to  the  sulphydrate- 
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of-ammonium  solution,  a  white  precipitate  of  sulphur  only  may 
be  precipitated,  the  sulphydrate  of  ammonium  nearly  always 

containing  free  sulphur.  Strong  hydrochloric  acid  does  not 

readily  dissolve  small  quantities  of  sulphide  of  antimony  out  of 
much  sulphide  of  arsenicum  ;  and,  on  the  other  hand,  the  strong 
hydrochloric  acid  takes  into  solution  a  small  quantity  of  sulphide 
of  arsenicum  if  much  sulphide  of  antimony  is  present.  The  pre- 
cipitates or  the  original  solutions  should  therefore  be  examined 
by  the  other  (hydrogen)  tests  for  these  elements  if  doubt  exists 
concerning  the  presence  or  absence  of  either.  Tin  remains  in  the 
hydrogen-bottle  in  the  metallic  state,  deposited  as  a  black  powder 
on  the  zinc  used  in  the  experiment.  The  contents  of  the  bottle 
are  turned  out  into  a  dish,  ebullition  continued  until  evolution 
of  hydrogen  ceases,  and  the  zinc  is  taken  up  by  the  excess  of 
sulphuric  acid  employed ;  any  tin  is  then  filtered  out,  washed, 
dissolved  in  a  few  drops  of  hydrochloric  acid,  and  the  liquid 

tested  for  tin  by  the  usual  reagents.  Tin  may  be  detected  in 

the  mixed  sulphides  of  tin,  arsenicum,  and  antimony  by  the 
blowpipe  reaction  (p.  268). 

The  portion  of  the  sulphuretted-hydrogen  precipitate  not  dis- 
solved by  the  sulphydrate  of  ammonium  may  leave  a  yellow  semi- 
fused  globule  of  sulphur  on  boiling  with  nitric  acid.  This 
globule  may  be  black,  not  only  from  presence  of  mercuric  sul- 
phide, but  also  from  enclosed  particles  of  other  sulphides  protected 
by  the  sulphur  from  the  action  of  the  acid.  It  may  also  contain 
sulphate  of  lead,  produced  by  the  action  of  nitric  acid  on  sulphide 
of  lead.  In  cases  of  doubt  the  mass  must  be  removed  from  the 
liquid,  boiled  with  nitric  acid  till  dissolved,  the  solution  evapo- 
rated to  remove  excess  of  acid,  and  the  residue  examined ;  but 

usually  it  may  be  disregarded.  Before  testing  for  bismuth,  any 

considerable  excess  of  acid  should  be  removed  by  evaporation, 
and  the  residual  liquid  should  be  freely  diluted.  If  no  preci- 
pitate (oxynitrate  of  bismuth)  appear,  chloride-of-ammonium 
solution  may  be  added,  oxychloride  of  bismuth  more  readily 
forming  than  even  oxynitrate.  In  testing  for  lead  by  sul- 
phuric acid  the  liquid  should  be  diluted  and  set  aside  for  some 
time. 

Mercury  may  also  be  isolated  by  digesting  the  sulphuretted- 
hydrogen  precipitate  in  sulphydrate  of  sodium  instead  of  sulphy- 
drate of  ammonium.  The  sulphides  of  arsenicum,  antimony, 
tin,  and  mercury  are  thus  dissolved  out.  The  mixture  is  then 
filtered,  excess  of  hydrochloric  acid  added  to  it,  and  the  pre- 
cipitated sulphides  collected  on  a  filter,  washed,  and  digested  in 


ANALYTICAL  MEMORANDA. 


289 


sulphydrate  of  ammonium ;  sulphide  of  mercury  remains  inso- 
luble, while  the  sulphides  of  arsenicum,  antimony,  and  tin  are 
dissolved.  By  this  method  copper  also  appears  in  its  right 
place  only,  sulphide  of  copper  being  quite  insoluble  in  sulphy- 
drate of  sodium.  The  other  metals  are  then  separated  in  the 
usual  way. 

The  sulpliydrate-of -ammonium  precipitate  may,  if  the  original 
solution  was  acid,  contain  Phosphates,  Oxalates,  Silicates,  and 
Borates  of  Barium,  Calcium,  and  Magnesium.  These  will  sub- 
sequently come  out  with  the  iron  and,  being  white,  give  the  iron 
precipitate  a  light- coloured  appearance  ;  their  examination  must 
be  conducted  separately,  by  a  method  described  subsequently  in 
connexion  with  the  treatment  of  substances  insoluble  in  water. 

 The  precipitate  containing  aluminium,  iron,  and  chromium 

hydrates  often  contains  some  manganese.  This  manganese  may 
be  detected  by  washing  the  hydrates  to  remove  all  trace  of 
chlorides,  boiling  with  nitric  acid,  adding  either  puce-coloured 
oxide  of  lead  or  red  lead,  and  setting  the  vessel  aside ;  if  man- 
ganese be  present  a  red  or  purple  liquid  is  produced.  Sulphide 

of  nickel  is  not  easily  removed  by  filtration  (vide  p.  260)  until 
most  of  the  excess  of  sulphydrate  of  ammonium  has  been  dissi- 
pated by  prolonged  ebullition. 

The  carbonate- of -ammonium  precipitate  may  not  contain  the 
whole  of  the  barium,  strontium,  and  calcium  in  the  mixture, 
unless  free  ammonia  be  present ;  for  the  carbonates  of  those 
metals  are  soluble  in  water  charged  with  carbonic  acid.  If, 
therefore,  the  liquid  is  not  distinctly  ammoniacal,  solution  of 

ammonia  should  be  added.  Neither  carbonate  nor  hydrate  of 

ammonium  wholly  precipitates  magnesian  salts  ;  and  as  a  partial 
precipitation  is  undesirable,  a  solvent,  in  the  form  of  an  alkaline 
salt  (chloride  of  ammonium),  if  not  already  in  the  liquid,  should 

be  added.  In  the  chart  opposite  p.  286  strontium  is  ordered 

to  be  separated  from  calcium  by  adding  to  the  acetic  solution 
diluted  sulphuric  acid.    The  latter,  unless  extremely  dilute,  may 
precipitate  calcium.    Any  such  loss  of  calcium  is  in  itself  of  little 
consequence,  because  enough  sulphate  of  calcium  remains  in  the 
filtrate  to  afford  a  calcium  reaction  when  ammonia  and  oxalate  of 
ammonium  are  subsequently  added.   But  the  calcium  precipitated 
by  the  sulphuric  acid  may  be  wrongly  set  down  as  strontium. 
Therefore  test  a  little  of  the  acetic  solution  for  strontium  by  an 
I    aqueous  solution  of  sulphate  of  calcium,  when,  if  no  precipitate 
I    falls  after  setting  aside  for  several  minutes,  strontium  may  be 
I    regarded  as  absent.   If  a  precipitate  occurs  strontium  is  present ; 

0 
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the  rest  of  the  acetic  solution  is  then  tested  for  calcium  as 
directed  in  the  chart.  The  final  testing  by  oxalate  of  ammonium 
being,  of  course,  preceded  by  the  addition  of  ammonia. 

Lithium. — The  search  for  lithium  may  usually  be  omitted. 
Should  a  precipitate,  supposed  to  be  due  to  lithium,  be  obtained, 
it  must  be  tested  in  a  flame  (  =  scarlet  tint),  as  a  little  magnesium 
not  unfrequently  shows  itself  under  similar  circumstances. 

Spectral  Analysis. — If  present  only  in  minute  proportions,  the 
lithium  may  also  remain  with  the  alkalies ;  it  can  then  only  be 
detected  by  physical  analysis  (by  a  prism)  of  the  light  emitted 
from  a  tinged  flame — by,  in  short,  an  instrument  termed  a  spec- 
troscope. Such  a  method  of  examination  is  called  spectral 
analysis,  a  subject  of  much  interest  and  of  no  great  difficulty, 
but  scarcely  within  the  range  of  Pharmaceutical  Chemistry ;  it 
will  be  briefly  described  in  connexion  with  the  methods  of  ana- 
lyzing solid  substances. 


QUESTION'S  AND  EXEECISES. 

402.  Describe  a  general  method  of  analysis  by  w^hich  the  metal 
of  a  single  salt  in  a  solution  could  be  quickly  detected. 

403.  Give  illustrations  of  black,  white,  light  pink,  yellow,  and 
orange  sulphides. 

404.  Mention  the  group -tests  generally  employed  in  analysis. 

405.  Under  what  circumstances  may  a  hydrochloric  precipitate 
contain  antimony  or  bismuth  ? 

406.  If  a  sulphuretted-hydrogen  precipitate  is  white,  what 
substances  are  indicated  ? 

407.  Give  processes  for  the  qualitative  analysis  of  liquids  con- 
taining the  following  substances : — 

a.  Arsenicum  and  Cadmium. 

h.  Eismuth  and  Antimony. 

c.  Eerrous  and  Eerric  salts. 

d.  Aluminium,  Iron,  and  Chromium. 

e.  Arsenicum,  Antimony,  and  Tin. 
/.  Lead  and  Strontium. 

g.  Iron,  Sodium,  and  Arsenicum. 

Ti.  Mercury,  Manganese,  and  Magnesium. 

i.  Zinc,  Manganese,  Mckel,  and  Cobalt. 
j.  Barium,  Strontium,  and  Calcium. 
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Introduction. — The  twenty-six  radicals  which  have  up  to  this 
point  mainly  occupied  attention  are  (admitting  ammonium^ 
metals;  and  they  have  heen  almost  exclusively  studied  not  in 
the  free  state,  but  in  the  condition  in  which  they  exist  in  salts. 
Moreover  these  metals  have  been  treated  as  if  they  formed  the 
more  important  constituent,  the  stronger  half^  the  foundation  or 
base  of  salts.  Attention  has  been  continuously  directed  to  the 
metallic  or  hasyloiis  side  of  salts.  And,  indeed^  there  is  still  one 
more  basylous  radical  which  must  be  mentioned,  though  it 
is  usually  supposed  to  play  only  a  subordinate  part  in  medicine 
— Hydrogen.  Unlike  the  salts  of  most  metals,  those  of  hydrogen 
(the  so-called  acids)  are  never,  in  medicine  or  the  arts  generally, 
professedly  used  for  the  sake  of  their  hydrogen,  but  always  for 
the  other  half  of  the  salt,  the  acidulous  side.  And  it  is  not 
for  their  basylous  radical  that  these  hydrogen  salts  are  now 
commended  to  notice*,  but  in  order  to  study,  under  the  most 
favourable  circumstances,  those  acidulous  groupings  which  have 
continually  presented  themselves  in  operations  on  salts,  but 
which  were  for  the  time  of  secondary  importance.  These  acidu- 
lous radicals  may  now  be  treated  as  the  primary  object  of  atten- 
tion ;  and  there  is  no  better  way  of  doing  so  than  by  operating 
on  their  compounds  with  hydrogen,  the  relatively  inferior  medicinal 
importance  of  which  element,  as  compared  with  potassium,  iron, 
and  other  basylous  radicals,  will  serve  to  give  the  desired  pro- 
minence to  the  acidulous  radicals  in  question. 

Common  Acids. — These  salts  of  hydrogen  (hydrogen  easily 
displaceable,  wholly  or,  in  certain  cases,  in  part,  by  ordinary 
metals)  are  the  ordinary,  sharp,  sour  bodies  termed  acids  (from 
the  Latin  root  acies,  an  edge).    The  following  Table  includes  the 

*  It  must  not  be  forgotten  that  the  commonest  salt  of  any  radical  what- 
soever is  a  salt  of  hydrogen,  the  oxide  of  hydrogen  (HgO),  or  hydrate  of 
hydrogen  (HHO),  water.  In  the  reactions  already  performed,  the  value  of 
this  compound  has  been  constantly  recognized,  both  for  its  hydrogen  and 
for  its  oxygen,  but  most  of  all  as  the  vehicle  or  medium  by  which  nearly  all 
other  atoms  are  enabled  to  come  into  that  contact  with  each  other  without 
which  their  existence  would  be  almost  useless ;  for  some  atoms  are  like 
some  animals,  out  of  water  they  are  as  inactive  as  fishes.  It  is  true  that 
both  fishes  and  salts  have  usually  to  be  removed  from  water  to  be  utilized  by 
man ;  but  before  they  can  be  assimilated,  either  as  food  or  as  medicine,  they 
must  again  seek  the  agency  of  water — in  becoming  dissolved. 
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formulae  and  usual  names  of  the  most  important :  others  will  be 
noticed  subsequently.  A  few  of  those  mentioned  are  unstable  or 
somewhat  rare ;  in  such  cases  a  common  metallic  salt  containing 
the  acidulous  radical  may  be  used  for  reactions. 

HCl   hydrochloric  acid. 

HBr   hydrobromic  acid. 

HI    hydriodic  acid. 

HON  (HCy)  hydrocyanic  acid. 

HJN'Og  ....  nitric  acid. 

HClOg  ....  chloric  acid. 

IIC2H3O2  .  .  acetic  acid*. 

H^S   hydrosulphuric  acidf. 

H^SOg  ....  sulphurous  acid. 

H^SO^  ....  sulphuric  acid. 

H^COg  ?    . .  carbonic  acid. 

H^C^O^  ....  oxalic  acid. 

H^C^H^Og  .  .  tartaric  acid. 

HgCgH.O^ . .  citric  acid. 

HgPO^  ....  phosphoric  acid. 

H3BO3  ....  boracic  acid. 

The  old  names  are  here  retained  for  these  acids ;  but  in  study- 
ing their  chemistry  and  chemical  relations  to  other  salts  they 
are  usefully  spoken  of  by  such  more  purely  chemical  names  as 
(for  hydrochloric  acid)  chloride  of  hydrogen,  (for  nitric  acid) 
nitrate  of  hydrogen,  and  so  on — sulphate  of  hydrogen,  tartrate 
of  hydrogen,  phosphate  of  hydrogen. 

A  prominent  point  of  difference  will  at  once  be  noticed  be- 
tween the  basylous  radicals  met  with  up  to  the  present  time  and 
the  acidulous  groupings  included  in  the  above  tabular  list.  The 
former  are  nearly  all  elements,  ammonium  only  being  a  com- 
pound; the  latter  are  mostly  compounds,  chlorine,  bromine, 
iodine,  and  sulphur  being  the  only  elements.    This  difference 

*  The  hydrogen  on  the  acidulous  side  must  not  be  confounded  with  the 
basylous  hydrogen  in  all  these  hydrogen  salts  or  acids ;  the  two  perform 
entirely  different  functions.  Hydrogen  in  the  acidulous  portion  is  like  the 
hydrogen  in  the  basylous  radical  ammonium  ;  it  has  combined  with  other 
atoms,  to  form  a  group  which  plays  more  or  less  the  part  of  an  elementary 
radical,  and  to  which  a  single  symbol  is  not  unfrequently  applied  (Am,  Cy, 
A,  O,  T,  C,  etc.).  Cobalt,  chromium,  iron,  platinum,  etc.  resemble  hydrogen 
in  this  respect  in  often  uniting  with  other  atoms  to  form  definite  acidulous 
radicals  in  which  the  usual  basylous  character  of  the  metals  has  for  the  time 
disappeared.  In  hydrides  (p.  127)  hydrogen  itself  is  an  acidulous  radical, 
t  Synonyms : — sulphydric  acid  and  sulphuretted  hydrogen. 
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will  not,  however,  be  so  apparent  when  the  chemistry  of  alcohols, 
ethers,  and  such  bodies  has  been  mastered ;  for  they  are  all  salts 
of  compound  basylous  radicals. 

Barer  Acids. — The  above  acids  contain  the  only  acidulous 
groupings  that  commonly  present  themselves  in  analysis  or  in 
pharmaceutical  operations.  There  are,  however,  several  other 
acids  (such  as  hypochlorous,  nitrous,  hypophosphorous,  valerianic, 
benzoic,  gallic,  tannic,  uric,  hyposulphurous,  hydroferrocyanic, 
hydroferridcyanic,  lactic,  etc.)  with  which  it  is  desirable  to  be  more 
or  less  familiar ;  reactions  concerning  these  will  therefore  be 
described.  Arsenious,  arsenic,  stannic,  manganic,  and  chromic 
acids  have  already  been  treated  of  in  connexion  with  the  metals 
they  contain ;  in  practical  analysis  they  always  become  suffi- 
ciently altered  to  come  out  among  the  metals. 

Quantivalence. — A  glance  at  the  foregoing  Table  is  sufficient 
to  show  the  quantivalence  of  the  acidulous  radicals.  The  first 
seven  are  clearly  univalent ;  then  follow  six  bivalent,  leaving 
three  trivalent. 

These  all  combine  with  equivalent  amounts  of  basylous  radicals 
to  form  various  salts ;  hence  they  may  be  termed  monobasylous, 
dibasylous,  and  tribasylous  radicals.  The  acids  themselves  were 
formerly  spoken  of  as  monobasic,  dibasic,  and  tribasic  respectively, 
or  monobasic  and  polybasic,  in  reference  to  the  amount  of  base 
(hydrates  or  oxides)  they  could  decompose ;  but  the  terms  are  no 
longer  definite,  and  hence  but  little  used  in  mineral  chemistry. 

Antidotes. — The  antidotes  in  cases  of  poisoning  by  the  strong 
acids  will  obviously  be  non-corrosive  alkaline  substances,  as  soap 
and  water,  magnesia,  common  washing  "soda,"  or  other  car- 
bonates. Yinegar,  lemon-juice,  and  weak  pr  non-corrosive  acids 
would  be  the  appropriate  antidotes  to  caustic  alkalies. 

Ancdysis. — The  practical  study  of  the  acidulous  side  of  salts 
will  occupy  far  less  time  than  the  basylous.  Salts  will  then  be 
briefly  examined  as  a  whole. 

One  word  of  caution. — It  is  only  for  convenience  in  the  divi- 
sion of  chemistry  for  systematic  study  that  salts  may  be  con- 
sidered to  contain  basylous  and  acidulous  radicals,  or  separate 
sides,  so  to  speak  ;  for  we  possess  no  absolute  knowledge  of  the 
internal  arrangement  of  the  atoms  (admitting  that  there  are  such 
things)  in  the  molecule  of  a  salt.  We  only  know  that  certain 
groups  of  atoms  may  be  transferred  from  compound  to  compound 
in  mass  (that  is,  without  apparent  decomposition) ;  hence  the 
assumption  that  these  groups  are  radicals.  A  salt  is  probably, 
however,  a  whole,  having  no  such  sides  as  those  mentioned. 
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QUESTIONS  AND  EXEECISES. 

408.  Mention  the  basylous  radical  of  acids. 

409.  Give  illustrations  of  univalent,  bivalent,  and  trivalent 
acidulous  radicals,  or  monobasylous,  dibasylous,  and  tribasylous 
radicals. 

410.  What  is  the  difference  between  an  elementary  and  a 
compound  acidulous  radical  ? 

411.  Name  the  grounds  on  vrhich  salts  may  be  assumed  to 
contain  basylous  and  acidulous  radicals. 


HYDEOCHLORIC  ACID  AND  OTHER  CHLORIDES. 

Formula  of  Hydrochloric  Acid  HCl.    Molecular  weight*  36*5. 

The  acidulous  radical  of  hydrochloric  acid  and  of  other  chlorides 
is  the  element  chlorine  (CI).  It  occurs  in  nature  chiefly  as  chlo- 
ride of  sodium  (NaCl),  either  solid,  under  the  name  of  rock-salt, 
mines  of  which  are  not  unfrequently  met  with,  or  in  solution  in 
the  water  of  all  seas.  Common  table-salt  is  more  or  less  pure 
chloride  of  sodium  in  minute  crystals.  Chlorine,  like  hydrogen, 
is  univalent  (CI')  ;  its  atomic  weight  is  35*5.  Its  molecule  is 
symbolized  thus,  Cl^,  chloride  of  chlorine. 

Reactions. 
Hydrochloric  Acid. 

First  Synthetical  Reaction. — To  a  few  fragments  of  chloride  of 
sodium  in  a  test-tube  or  small  flask  add  about  an  equal  weight 
of  sulphuric  acid ;  colourless  and  invisible  gaseous  hydrochloric 
acid  is  evolved,  a  sulphate  of  sodium  remaining.  Adapt  to  the 
mouth  of  the  vessel,  by  a  perforated  cork,  a  piece  of  glass  tubing 
bent  to  a  right  angle,  heat  the  mixture,  and  convey  the  gas  into 
a  small  bottle  containing  a  little  water  ;  solution  of  hydrochloric 
acid  results. 

NaCl    +    H,SO,    ==    HCl    +  NaHSO, 

Chloride  of  Sulphuric        Hydrochloric       Acid  sulphate 

sodium.  acid.  acid.  of  sodium. 

Hydrochloric  Acid. — The  product  of  this  operation  is  the  nearly 
*  The  weight  of  a  molecule  is  the  sum  of  the  weights  of  its  atoms. 
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colourless  and  very  sour  liquid  commonly  termed  hydrochloric 
acid.  When  of  certain  given  strengths  (estimated  by  volumetric 
analysis)  it  forms  Acidum  Hydrochloricum,  B.  P.,  and  Acidum 
Hydrochloricum  Dilutum,  B.  P.  The  former  has  a  specific  gravity 
of  1*16  (1*1578),  and  contains  31*8  per  cent,  of  real  acid,  the 
latter,  sp.  gr.  1*052,  with  10-58  per  cent,  of  the  real  acid,  is 
made  by  diluting  8  fluid  parts  of  the  strong  acid  with  water 
until  the  mixture  measures  26 J  fluid  parts.  The  above  process 
is  that  of  the  Pharmacopoeia — ^larger  vessels  being  employed,  and 
the  gas  being  freed  from  any  trace  of  sulphuric  acid  by  washing. 
Other  chlorides  yield  hydrochloric  acid  when  heated  with  sul- 
phuric acid ;  but  chloride  of  sodium  is  always  used  because  cheap 
and  common. 

Common  yellow  hydrochloric  acid  is  a  by-product  in  the  manu- 
facture of  carbonate  of  sodium  from  common  salt,  a  process  in 
which  the  chloride  of  sodium  is  first  converted  into  sulphate, 
hydrochloric  acid  being  liberated.  This  impure  acid  is  liable  to 
contain  iron,  arsenic,  fixed  salts,  sulphuric  acid,  sulphurous  acid, 
nitrous  compounds,  and  chlorine. 


rig.  37. 


Preparation  of  Hydrochloric  Acid. 


The  official  process  for  the  preparation  of  hydrochloric  acid  is  as 
follows :  it  may  be  carried  out  by  the  student  with  about  one 
twelfth  of  the  quantities  mentioned : — 

"  Take  of  chloride  of  sodium,  dried,  48  ounces,  sulphuric  acid 
41  fluid  ounces,  water  36  fluid  ounces,  distilled  water  50  fluid 
ounces ;  pour  the  sulphuric  acid  slowly  into  thirty-two  ounces 
of  the  water,  and,  when  the  mixture  has  cooled,  add  it  to  the 
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chloride  of  sodium  previously  introduced  into  a  flask  having  the 
capacity  of  at  least  one  gallon.  Connect  the  flask  by  corks  and 
a  bent  glass  tube  with  a  three-necked  wash-bottle,  furnished 
with  a  safety-tube,  and  containing  the  remaining  four  ounces  of 
the  water  [or  let  the  flask-tube  pass  loosely  through  a  wider 
tube  fixed  in  the  cork  of  the  wash-bottle,  as  shown  in  fig.  37]  ; 
then,  applying  heat  to  the  flask,  conduct  the  disengaged  gas 
through  the  wash-bottle  into  a  second  bottle  containing  the 
distilled  water,  by  means  of  a  bent  tube  dipping  about  half  an 
inch  below  the  surface,  and  let  the  process  be  continued 
until  the  product  measures  sixty-six  ounces,  or  the  liquid  has 
acquired  a  specific  gravity  of  146.  The  bottle  containing  the 
distilled  water  must  be  kept  cool  during  the  whole  operation." 

The  modification  of  wash-bottle  shown  in  the  figure  allows  of 
the  easy  insertion  or  removal  of  a  delivery-tube.  The  wider 
tube  there  shown,  or  an  ordinary  tube- funnel,  also  acts  as  a 
safety -tube  by  admitting  air  the  moment  there  is  any  tendency  in 
the  water  in  the  receiver  to  be  forced  back  on  account  of  a  too 
rapid  absorption  of  the  gas.  The  time  of  the  student  will  be  saved 
if  hydrochloric  acid  already  in  stock  be  placed  in  the  wash-bottle 
instead  of  water. 

Invisible  gaseous  liydmcMoric  acid  forms  visible  greyish-white 
fumes  on  coming  into  contact  with  air.  This  is  due  to  combina- 
tion with  the  moisture  of  the  air.  The  intense  greediness  of 
hydrochloric  gas  and  water  for  each  other  is  strikingly  demon- 
strated on  opening  a  test-tube  full  of  the  gas  under  water ;  the 
latter  rushes  into  and  instantly  fills  the  tube.  If  the  water  is 
tinged  with  blue  litmus,  the  acid  character  of  the  gas  is  prettily 
shown  at  the  same  time.  The  test-tube,  which  should  be  per- 
fectly dry,  may  be  filled  from  the  delivery-tube  direct ;  for  the 
gas  is  somewhat  heavier  than,  and  therefore  readily  displaces, 
air.    The  mouth  may  be  closed  by  the  thumb  of  the  operator. 

Note. — the  process,  as  described  in  the  British  Pharmacopoeia, 
includes  the  use  of  as  much  sulphuric  acid  as  is  theoretically  neces- 
sary for  the  production  of  acid  sulphate  of  sodium  (NaHSO^)  which 
remains  in  the  generating  vessel.  A  hot  solution  of  this  residue, 
carefully  neutralized  by  carbonate  of  sodium,  filtered  and  set 
aside,  yields  normal  sulphate  (Sodoi  SidpJias.  B.  P.)  in  the  form 
of  transparent  oblique  efflorescent  prisms  (Ka^SO^,  lOHgO). 

2]N'aHS0,   4-   ]S'a,C03   =   2]vra^S0^   4-  -^  CO, 

Acid  sulphate  Carbonate  of  Sulphate  of  Water.  Carbonic 

of  sodium.  sodium.  sodium.  acid  gas. 
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CMoriiie. 

Second  Synthetical  Reaction. — To  some  drops  of  hydrochloric 
acid  (that  is,  the  common  aqueous  solution  of  the  gas)  add  a 
few  grains  of  black  oxide  of  manganese,  and  warm  the  mixture ; 
chlorine,  the  acidulous  radical  of  all  chlorides,  is  evolved,  and 
may  be  recognized  by  its  peculiar  odour,  or  irritating  effect  on 
the  nose  and  air-passages. 

4HC1    +    MnO,    =    CI,    +    2H,0    +  MnCl,. 

Chlorine-water. — This  is  the  process  of  the  Eritish  Pharma- 
copoeia for  the  production  of  chlorine-water  (Liquor  Chlori,  E.  P.), 
the  gas  being  first  washed  and  then  passed  into  water.  One  ounce 
of  oxide  to  six  fluid  ounces  of  acid  diluted  with  two  of  water, 
and  the  gas  passed  through  a  wash-bottle  containing  about  two 
ounces  of  water,  yield  enough  chlorine  to  produce  about  a  pint 
and  a  half  of  chlorine-water.  (On  this  small  scale,  less  than  half 
the  acid  is  utilized  through  incomplete  decomposition  of  the 
materials  and,  especially,  through  incomplete  absorption  of  the 
chlorine  gas.)  Chlorine  slowly  decomposes  water  with  production 
of  hydrochloric  acid  and  oxygen  gas ;  it  is  best  preserved  in  a 
green-glass  well- stoppered  bottle  in  a  cool  and  dark  place.  At 
common  temperatures  (60°  ¥.),  if  fresh  and  thoroughly  saturated, 
chlorine-water  contains  more  than  twice  (2*3)  its  bulk  of  chlorine, 
or  less  than  1  per  cent,  (about  0*75)  by  weight. 

Note. — To  obtain  the  chlorine  from  other  chlorides,  sulphuric 
acid,  as  well  as  black  oxide  of  manganese,  must  be  added.  Hy- 
drochloric acid  is  first  formed.  The  action  described  in  the  above 
equation  then  goes  on,  except  that  half  instead  of  the  whole  of 
the  oxygen  from  the  black  oxide  is  available  for  the  removal  of 
the  hydrogen  from  the  chlorine  of  the  hydrochloric  acid,  the  other 
half  being  taken  up  by  the  hydrogen  of  the  sulphuric  acid.  Thus, 
supposing  common  salt  to  be  the  chloride  used,  the  following 
equations  may  represent  the  supposed  steps  of  the  process : — 

2NaCl    +    H,SO,    =    ISTa^SO^    +  2HC1, 
MnO,  H^SO,    =    MnSO,    +    H,0  +  0; 

then  the  2HC1     4-0  =2^0        +    CI, ; 

or  the  whole  may  be  included  in  one  equation : 

2]SraCl  +  MnO,  +  2H,S0,  =  I^a,SO,  +  MnSO,  +  2H.0  +  CI,. 

0  5' 
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This  reaction  may  have  occasioned  analytical  interest,  a  very 
small  quantity  of  combined  chlorine  being  recognized  by  its 
means.  But  the  following  test  is  nearly  always  applicable  for 
the  detection  of  this  element,  and  leaves  nothing  to  be  desired  in 
point  of  delicacy. 

Analytical  Reactions  (Tests), 

To  a  drop  of  hydrochloric  acid,  or  to  a  dilute  solution  of  any 
other  chloride,  add  solution  of  nitrate  of  silver ;  a  white  curdy 
precipitate  falls.  Pour  off  most  of  the  supernatant  liquid,  add 
nitric  acid,  and  boil ;  the  precipitate  does  not  dissolve.  Pour  off 
the  acid,  and  add  ammonia;  the  precipitate  quickly  dissolves. 
Neutralize  the  solution  by  an  acid ;  chloride  of  silver  is  once  more 
precipitated. 

The  formation  of  this  white  precipitate,  its  appearance,  insolu- 
bility in  boiling  nitric  acid,  solubility  in  ammonia,  and  repreci- 
pitation  by  an  acid  form  abundant  evidence  of  the  presence  of 
chlorine.  Its  occurrence  as  a  chloride  of  a  metal  is  determined 
by  testing  for  the  metal  with  the  appropriate  reagents ;  its  oc- 
currence as  hydrochloric  acid  is  considered  to  be  indicated  by  the 
odour,  if  strong,  and  the  sour  taste,  if  weak,  of  the  liquid,  and 
the  action  of  the  liquid  on  blue  litmus  paper,  which,  like  other 
acids,  it  reddens.  If  hydrochloric  acid  be  present  in  excessive 
quantity  it  will,  in  addition  to  the  above  reactions,  give  rise  to 
strong  effervescence  on  the  addition  of  a  carbonate,  a  chloride 
being  formed.  The  chlorine  in  insoluble  chlorides,  such  as  calo- 
mel, "white  precipitate,"  etc.,  may  be  detected  by  boiling  with 
caustic  potash,  filtering,  acidulating  the  filtrate  by  nitric  acid, 
and  then  adding  the  nitrate  of  silver. 

Antidotes. — In  cases  of  poisoning  by  strong  hydrochloric  acid, 
solution  of  carbonate  of  sodium  (common  washing-soda)  or  a  mix- 
ture of  magnesia  and  water  may  be  administered  as  an  antidote. 


QUESTIONS  AND  EXEECISES. 

412.  The  ofiicial  Hydrochloric  Acid  contains  31-8  per  cent,  by 
weight  of  gas,  and  its  specific  gravity  is  1*16  ;  work  out  a  sum 
showing  what  volume  of  it  wiU  be  required,  theoretically,  to  mix 
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with  black  oxide  of  manganese  for  the  production  of  one  gallon 
of  chlorine-water,  one  fluid  ounce  of  which  contains  2*66  grains 
of  chlorine.    Ans.  5|  fl.  ozs.,  nearly  (5-4). 

413.  Why  does  hydrochloric  acid  gas  give  visible  fumes  on 
coming  into  contact  with  air  ? 

414.  How  much  chloride  of  sodium  will  be  required  to  furnish 
one  pound  of  chlorine  ? 

415.  Give  the  analytical  reactions  of  chlorides. 

416.  What  antidotes  may  be  administered  in  cases  of  poison- 
ing by  hydrochloric  acid  ? 


HYDEOBEOMIC  ACID  AND  OTHEE  BEOMIDES. 

Formula  of  Hydrobromic  Acid  HBr.    Molecular  weight  81. 

Bromine :  Source^  Preparation,  and  Properties, — The  acidulous 
radical  of  hydrobromic  acid  and  other  bromides  is  the  element 
bromine,  Br.  (Bromum,  B.  P.).  It  occurs  in  nature  chiefly  as 
bromide  of  magnesium  (MgBr^)  in  sea- water  and  certain  saline 
springs.  It  may  be  liberated  from  its  compounds  by  the  process 
for  chlorine  from  chlorides — that  is,  by  heating  with  black  oxide 
of  manganese  and  sulphuric  acid  (see  previous  page).  It  is  a  dark- 
red  volatile  liquid,  emitting  an  odour  more  irritating,  if  possible, 
than  chlorine — of  specific  gravity  2*966,  boiling-point  154  °*4,  F. 

Quantivalence. — The  atom  of  bromine,  like  that  of  chlorine,  is 
univalent  (Br').  The  atomic  weight  of  bromine  is  80.  Eree 
bromine  has  the  molecular  formula  Br„,  bromide  of  bromine. 


Fig.  38. 


Preparation  of  Hydrobromic  Acid. 


Hydrohromio  Acid. — The  bromide  of  hydrogen,  hydrobromic 
acid,  is  made  by  decomposing  bromide  of  phosphorus  by  water — • 
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l^BT,-\-4:^fi=5BBT-\-TL^m^,  A.  small  quantity  may  be  pre- 
pared by  placing  seven  or  eight  drops  of  bromine  at  the  bottom 
of  a  test-tube,  putting  in  fragments  of  glass  to  the  height  of  about 
an  inch  or  two,  then  ten  or  eleven  grains  of  phosphorus,  then 
another  inch  of  glass,  and  finally  a  couple  of  inches  of  glass  frag- 
ments slightly  wetted  with  water,  a  delivery-tube  being  fitted 
on  by  a  cork.  The  phosphorus  combines  readily,  almost  violently, 
with  the  bromine  as  soon  as  the  vapour  of  the  latter,  aided  by  a 
little  warmth  from  a  flame,  rises  to  the  region  of  the  phosphorus. 
The  bromide  of  phosphorus  thus  formed  then  suffers  decom- 
position by  the  water  of  the  moist  glass,  phosphoric  and  phospho- 
rous acids  being  produced.  The  hydrobromic  acid  gas  passes  over 
(heat  being  applied  in  the  after  part  of  the  operation)  and  may 
be  condensed  in  water  or  in  solution  of  ammonia.  The  latter 
solution  on  evaporation  yields  bromide  of  ammonium. 

Bromide  of  Potassium  (KBr)  is  occasionally  employed  in  phar- 
macy, and  is  the  salt,  therefore,  which  may  be  used  in  studying 
the  reactions  of  this  acidulous  radical.  The  ofiicial  method  of 
making  the  salt  has  been  alluded  to  under  the  salts  of  potassium 
(page  72). 

Other  bromides  are  seldom  used ;  they  may  be  prepared  in  the 
same  way  as,  and  closely  resemble,  the  corresponding  chlorides 
or  iodides. 

Bromide  of  Ammonium  (AmBr)  (Ammonii  Bromidum,  B.  P.) 
may  be  made  by  saturating  hydrobromic  acid  with  ammonia : 
HBr  +  =  NH^Br  +  H^O.    It  forms  colourless  crystals 

which  become  slightly  yellow  on  exposure  to  air,  is  readily  soluble 
in  water,  less  so  in  spirit,  and,  when  heated,  sublimes. 

Bromide  or  Iodide  of  Ammonium  may  also  be  made  by  mixing 
equivalent  quantities  of  strong  hot  aqueous  solutions  of  the  cor- 
responding potassium  salts  and  of  sulphate  of  ammonium.  To 
the  cooled  liquids  rectified  spirit  is  added,  which  precipitates  the 
sulphate  of  potassium.  The  spirit  recovered  by  distillation  of  the 
clear  liquid  leaves  the  required  salt  as  a  residue  in  the  retort. 

Solution  of  Bromine,  B.  P.,  10  minims  in  5  ounces,  is  an 
aqueous  solution,  bromine  being  slightly  soluble  in  water. 

Rypohromites,  Bromates,  and  Ferhromates,  analogous  to  hypo- 
chlorites, chlorates,  and  perchlorates,  are  producible. 

Analytical  Reactions  (Tests). 
First  Analytical  Reaction. — To  a  few  drops  of  solution  of  a 
bromide  (KBr,  or  NH^Br)  add  solution  of  nitrate  of  silver;  a 
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yellowisli-wliite  precipitate  of  bromide  of  silver  (AgBr)  falls. 
Treat  the  precipitate  successively  with  nitric  acid  and  ammonia, 
as  described  for  the  chloride  of  silver ;  it  is  only  sparingly  dis- 
solved by  the  ammonia. 

Second  Analytical  Eeaction. — To  solution  of  a  bromide  add  a 
drop  or  two  of  chlorine -water,  or  a  bubble  or  two  of  chlorine  gas ; 
then  add  a  few  drops  of  chloroform  or  ether,  shake  the  mixture, 
and  set  the  test-tube  aside ;  the  chlorine,  from  the  greater  strength 
of  its  affinities,  liberates  the  bromine,  which  is  dissolved  by  the 
chloroform  or  ether,  the  solution  falling  to  the  bottom  of  the  tube 
in  the  case  of  the  heavy  chloroform,  or  rising  to  the  top  in  the 
case  of  the  light  ether.  Either  solution  has  a  distinct  yellow,  or 
reddish-yellow,  or  red  colour,  according  to  the  amount  of  bromine 
present. 

Notes. — This  reaction  serves  for  the  isolation  of  bromine  when 
mixed  with  many  other  substances.  Excess  of  chlorine  must  be 
avoided,  as  colourless  chloride  of  bromine  is  then  formed.  Iodides 
give  a  somewhat  similar  result ;  the  absence  of  iodine  must  there- 
fore be  insured  by  a  process  given  in  the  next  section.  The 
above  solution  in  chloroform  or  ether  may  be  removed  from  the 
tube  by  drawing  up  into  a  pipette  (small  pipe,  a  narrow  glass 
tube,  usually  having  a  bulb  or  expanded  portion  in  the  centre) 
the  bromine  fixed  by  the  addition  of  a  drop  of  solution  of  potash 
or  soda,  the  chloroform  or  ether  evaporated  off,  and  the  residue 
tested  as  described  in  the  next  reaction. 

The  above  operation  is  frequently  employed  for  synthetical 
purposes. 

Third  Analytical  Beaction. — Liberate  bromine  from  a  bromide 
by  the  cautious  addition  of  chlorine  or  chlorine-water,  then  add 
a  few  drops  of  cold  decoction  of  starch ;  a  yellow  combination  of 
bromine  and  starch,  commonly  termed  "  bromide  of  starch,''  is 
formed. 

Decoction  of  starch  is  made  by  rubbing  down  two  or  three 
grains  of  starch  with  some  drops  of  cold  water,  then  adding  much 
more  water  and  boiling  the  mixture. 
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The  above  reaction  may  he  varied  by  liberating  the  bromine 
by  a  little  black  oxide  of  manganese  and  a  drop  of  snlpburic  acid, 
the  upper  part  of  the  inside  of  the  test-tube  being  smeared  over 
with  some  thick  decoction  of  starch  or  thin  starch-paste.  Even 
sulphuric  acid  alone,  if  strong,  liberates  bromine  from  a  bromide, 
the  hydrogen  of  the  hydrobromic  acid  first  produced  uniting  with 
oxygen  of  the  sulphuric  acid — the  latter  being  reduced  to  sul- 
phurous acid  or  even  to  hydrosulphuric  acid. 


HYDEIODIC  ACID  AND  OTHER  IODIDES. 

Pormula  of  Hydriodic  Acid  HI.    Molecular  weight  128. 

Sou7xe. — The  acidulous  radical  of  hydriodic  acid  and  other 
iodides  is  the  element  iodine  (I).  It  occurs  in  nature  chiefly  as 
iodide  of  sodium  and  of  magnesium  in  sea- water.  Seaweeds, 
sponges,  and  other  marine  organisms,  which  derive  much  of  their 
nourishment  from  sea-water,  store  up  iodides  in  their  tissues ; 
and  it  is  from  the  ashes  of  these  that  supplies  of  iodine  (lodum, 
B.  P.)  are  obtained. 

Process, — The  seaweed  ash  or  help  is  treated  with  water, 
insoluble  matter  thrown  away,  and  the  decanted  liquid  evaporated 
and  set  aside  to  allow  of  the  deposition  of  most  of  the  sulphates, 
carbonates,  and  chlorides  of  sodium  and  potassium.  The  residual 
liquor  is  treated  with  excess  of  sulphuric  acid,  which  causes 
evolution  of  carbonic  and  sulphurous  or  sulphuretted  gases, 
deposition  of  sulphur  and  more  sulphate  of  sodium,  and  formation 
of  hydriodic  acid.  To  the  decanted  liquid  is  added  black  oxide 
of  manganese,  and  the  mixture  is  then  slowly  distilled  ;  the  iodine 
sublimes,  and  is  afterwards  purified  by  resublimation. 

2HI  +  MnO,  +  H,SO,  =  MnSO,  -|-  211^0  -j-  I^. 

The  analogy  of  chlorine,  hromine,  and  iodine  is  well  indicated 
by  the  fact  that  each  is  obtained  from  its  compounds  by  the 
same  reaction.  Iodine  is  liberated  from  any  iodide  as  bromine 
from  bromides,  or  chlorine  from  chlorides — namely,  by  the  action 
of  black  oxide  of  manganese  and  sulphuric  acid. 

Properties. — Iodine  is  a  crystalline  purplish-black  substance ; 
its  vapour,  readily  seen  on  heating  a  fragment  in  a  test-tube,  is 
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dark  violet.  Its  vapours  are  irritating  to  the  lungs ;  but  a  trace 
may  be  inhaled  with  safety  (  Vapor  lodi,  B.  P.).  It  melts  at 
239°  F.j  boils  at  about  392°,  and  is  entirely  volatilized,  the  first 
portions  containing  any  cyanide  of  iodine  that  may  be  present. 
The  latter  body  occurs  in  slender  colourless  prisms,  emitting  a 
pungent  odour. 

Quantivalence, — The  atom  of  iodine,  like  those  of  bromine  and 
chlorine,  is  univalent*  (I').  The  atomic  weight  of  iodine  is  127 ; 
its  molecular  formula  I^. 

The  Iodide  of  Hydrogen,  or  Hydriodic  Acid,  is  a  heavy, 
colourless  gas.  Its  solution  in  water  (Acidum  Hydriodicum 
Dilutum  of  the  United-States  Pharmacopoeia)  is  made  by  passing 
sulphuretted  hydrogen  through  water  in  which  iodine  is  sus- 
pended. 

2H^S  +  21^  =       +  4HI. 

Iodide  of  potassium  (KI)  is  largely  used  in  medicine,  and 
hence  is  the  most  convenient  iodide  on  which  to  experiment  in 
studying  the  reactions  of  this  acidulous  radical.  Solid  iodine 
itself  might  be  taken  for  the  purpose  ;  but  its  use  and  action  in 
that  state  have  already  been  alluded  to  in  describing  the  iodides 
of  potassium,  cadmium,  and  mercury ;  its  analytical  reactions 
in  the  combined  condition  are  those  which  may  now  occupy 
attention. 

Solution  of  Iodine. — Iodine  is  slightly  soluble  in  water  (iodine- 
water),  and  readily  soluble  in  an  aqueous  solution  of  iodide  of 
potassium.  Twenty  grains  of  iodine  and  30  of  iodide  of  potas- 
sium, dissolved  in  1  ounce  of  distilled  water,  form  Liquor  lodi, 
B.  P. ;  32  grains  of  iodine  and  32  of  iodide  of  potassium,  rubbed 
with  1  fluid  drachm  of  proof  spirit,  and  2  ounces  of  lard  gradually 
mixed  in,  form  Unguentum  lodi,  B.  P.  It  is  more  soluble  in 
spirit,  or  in  a  spirituous  solution  of  iodide  of  potassium  (Tinctura 
lodi,  B.  P.).  It  combines  with  sulphur,  forming  an  unstable 
greyish  black  solid  iodide  (S^Ig),  having  a  radiated  crystalline 
structure  (Sulphuris  lodidum,  B.  P.,  and  Unguentum  Sulphtiris 
lodidi),  "  If  100  grains  be  thoroughly  boiled  with  water  the 
iodine  will  pass  off  in  vapour,  and  about  20  grains  of  sulphur 
remain." — Brit.  Pharm. 

*  There  is  a  compound  of  iodine  having  the  formula  ICI3.  Iodine  would 
therefore  seem  to  be  a  trivalent  element  (I'") ;  and  bromine  and  fluorine, 
from  their  close  chemical  analogy  with  iodine,  would  necessarily  be  regarded 
as  trivalent  also.  Prom  this  aspect  the  position  of  chlorine  would  be 
anomalous. 
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Analytical  Reactions  {Tests), 

First  Analytical  Reaction. — To  a  few  drops  of  an  aqueous 
solution  of  an  iodide  {e.  XI)  add  solution  of  nitrate  of  silver  ; 
a  light  yellow  precipitate  of  iodide  of  silver  (Agl)  falls. 
Pour  away  tlie  supernatant  liquid  and  treat  the  precipitate  with 
nitric  acid,  it  is  not  dissolved  ;  pour  away  the  acid  and  then  add 
ammonia,  it  is  only  sparingly  dissolved. 

This  reaction  is  useful  in  separating  iodine  from  most  other 
acidulous  radicals,  but  does  not  distinguish  iodine  from  bromine. 

Ammonia,  it  will  be  remembered,  dissolves  chloride  of  silver 
readily ;  hence  the  presence  of  chloride  of  potassium  in  bromide 
or  iodide  may  be  detected  by  dissolving  in  water,  adding  excess 
of  nitrate  of  silver,  collecting  the  precipitate,  washing,  digesting 
in  ammonia,  filtering,  and  adding  excess  of  nitric  acid  to  the 
filtrate ;  a  white  curdy  precipitate  indicates  a  chloride  (of 
potassium).  Bromide  and  iodide  of  silver  are,  however,  slightly 
soluble  in  ammonia.    A  better  process  is  given  on  page  305. 

Second  Analytical  Reaction. — Liberate  iodine  from  an  iodide 
by  the  cautious  addition  of  chlorine,  then  add  cold  decoction  of 
starch ;  a  deep-blue  combination  of  iodine  and  starch,  commonly 
termed  "  iodide  of  starch,"  is  formed. 

Starch  is  highly  sensitive  to  the  action  of  iodine  ;  this  reaction 
is  consequently  very  delicate  and  characteristic.  The  reaction  is 
not  observed  in  hot  liquids.  Excess  of  chlorine  must  be  avoided, 
or  colourless  chloride  of  iodine  will  be  produced.  Nitrous  acid, 
or  a  nitrite  acidulated  with  sulphuric  acid,  may  be  used  instead 
of  chlorine.  Concentrated  sulphuric  acid  also  liberates  iodine 
from  iodides,  the  hydrogen  of  the  hydriodic  acid  first  produced 
uniting  with  the  oxygen  of  the  sulphuric  acid — the  latter  (H^SO^) 
being  reduced  to  sulphurous  acid  (H^SOg)  or  even  to  hydrosul- 
phuric  acid  (H,,S). 

In  testing  bromine  for  iodine  the  bromine  must  be  nearly  all 
converted  into  hydrobromic  acid  by  solution  of  sulphurous  acid 
before  the  decoction  of  starch  is  added. 

Ozone  (O3). — Papers  soaked  in  mucilage  of  starch  containing 
iodide  of  potassium  form  a  test  for  free  chlorine  and  nitrous  acid, 
and  are  also  employed  by  meteorologists  to  detect  an  allotropic 
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and  energetic  form  of  oxygen  termed  by  Schonbein  ozone  (from 
oZ^di,  ozd,  I  smell).  This  substance  liberates  iodine  from  the  iodide 
of  potassium  (with  formation  of  iodide  of  starch),  and  is  supposed 
to  occur  normally  in  the  atmosphere,  the  salubrity  or  insalubrity 
of  which  is  said  to  be  dependent  to  some  extent  on  the  presence 
or  absence  of  ozone.  The  possible  occurrence  of  nitrous  or  chlo- 
rinoid  gases  in  the  air,  however,  renders  the  test  untrustworthy. 
Houzeau  proposes  to  test  for  ozone  by  exposing  litmus  paper  of 
a  neutral  tint  soaked  in  a  dilute  solution  of  iodide  of  potassium : 
the  potash  set  free  by  action  of  the  ozone  turns  the  paper  blue. 
The  same  paper  without  iodide  would  indicate  the  extent  to 
which  the  effect  might  be  due  to  ammonia  vapour.  Ozone,  or 
rather  ozonized  air,  is  produced  artificially  in  large  quantities  on 
passing  air  through  a  box  (Beane's  Ozone-generator)  highly 
charged  with  electricity.  In  the  latter  operation  condensation  of 
the  volume  of  air,  or,  rather,  of  the  oxygen  in  the  air  occurs.  Small 
quantities  may  be  obtained  by  exposing  in  a  loosely  closed  bottle 
a  stick  of  phosphorus  partially  covered  by  water.  It  is  a  powerful 
bleaching,  disinfecting,  and  general  oxidizing  agent ;  insoluble  in 
water,  soluble  in  oils  of  turpentine,  cinnamon,  and  some  other 
liquids.  Prom  experiments  that  have  been  made  by  Soret  on  the 
specific  gravity  of  ozone,  its  molecular  formula  would  seem  to  be 
O3,  that  of  ordinary  oxygen  being  0^.    Its  smell  is  peculiar. 

Third  Analytical  Reaction. — To  a  neutral  aqueous  solution  of 
an  iodide  add  a  solution  containing  one  part  of  sulphate  of  copper 
to  two  and  a  half  parts  of  green  sulphate  of  iron,  and  well  shake ; 
a  dirty  white  precipitate  of  cuprous  iodide  (Cu^I^)  falls. 

2KI  +  2CuS0,  +  2FeS0^  =  CuJ^  +  X,SO,  +  J^e^SSO^. 
Or  to  the  liquid  containing  an  iodide  add  the  solution  of  copper 
sulphate  and  some  solution  of  sulphurous  acid,  and  warm  the 
mixture  ;  cuprous  iodide  falls. 

2KI  +  2CuS0^  +  H,S03  +  H,0  =  CuJ,  +  2KHS0^  +  H^SO,. 

Separation  of  Chlorides^  Bromides,  and  Iodides. — Chlorides  and 
bromides  are  not  affected  in  this  way ;  the  reaction  is  useful, 
therefore,  in  removing  iodine  from  a  solution  in  which  chlorides 
and  bromides  have  to  be  sought.  The  total  removal  of  iodine  by 
the  former  of  the  two  modifications  of  the  process  is  insured  by 
supplementing  the  addition  of  the  cupric  and  ferrous  sulphates  by 
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a  few  drops  of  ammonia,  any  acid  which  might  be  keeping 
cuprous  iodide  in  solution  being  thereby  neutralized,  ferric  or 
ferrous  hydrate,  precipitated  at  the  same  time,  not  affecting  the 
reaction.  Occasionally,  too,  it  may  be  necessary  to  repeat  the 
process  with  the  filtrate  before  the  last  traces  of  iodine  are 
removed.  The  second  modification  of  the  process  is,  on  the 
whole,  to  be  preferred. 

Chloride  of  the  rare  metal  palladium  performs  a  similar  useful 
office  in  removing  iodine,  but  not  bromine  or  chlorine,  from 
solutions. 

Chlorides  may  be  separated  from  bromides  by  taking  advantage 
of  the  ready  solubility  of  chloride  of  silver,  and  the  slow  and 
slight  solubility  of  bromide  of  silver,  in  ammonia,  especially  in  (a 
fair,  not  a  great,  excess  of)  ammonia  containing  chloride  of 
silver. 

Siebold's  test  for  the  detection  of  chlorides  when  occurring  with 
bromides  is  based  upon  the  fact  that  a  strong  solution  of  perman- 
ganate of  potassium  liberates  the  bromine  from  moderately  strong 
solutions  of  bromides  containing  a  large  excess  of  sulphuric  acid. 
It  may  be  performed  in  the  following  manner : — A  strong  solu- 
tion of  permanganate  is  added  to  the  aqueous  solution  of  bromide 
or  iodide  (containing  not  more  than  1  in  40),  strongly  acidified 
by  dilute  sulphuric  acid,  until  the  permanganate  ceases  to  be 
decolorized,  and  a  copious  precipitate  of  oxide  of  manganese  is 
formed.  The  mixture  is  boiled  for  about  five  minutes  to  expel 
the  bromine,  and  then  filtered.  The  colourless  filtrate  is  now 
quite  free  from  bromine,  and  may  be  tested  for  chlorine  by  nitrate 
of  silver.  If  a  chloride  be  present,  a  small  quantity  of  its  chlorine 
is  lost  by  this  process  ;  but  the  main  portion  always  remains,  pro- 
vided that  no  undue  excess  of  the  permanganate  be  used.  It  is 
essential,  therefore,  that  the  filtrate  should  be  colourless  ;  for  if 
it  be  coloured  so  as  to  indicate  the  presence  of  undecomposed 
permanganate,  the  loss  of  the  greater  part  if  not  of  the  whole  of  the 
chlorine  must  be  expected.  If,  on  the  other  hand,  too  little  per- 
manganate be  employed,  a  trace  of  bromide  may  be  left  in  the 
filtrate.  If  the  solution  under  examination  should  be  very  much 
stronger  than  1  in  40,  water  should  be  added  before  boiling  (just 
after  the  addition  of  the  permanganate),  in  order  to  avoid  a  loss 
of  HCl. 

Chlorides  may  also  be  detected  in  bromides  and  iodides  by 
taking  advantage  of  the  formation  of  chlorochromic  anhydride 
(page  264)  and  the  non-occurrence  of  corresponding  compounds 
of  bromine  or  iodine^ 
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Fourth  Analytical  Reaction. — Iodides  have  been  shown  to  be 
useful  in  testing  for  mercuric  salts  (see  the  Mercury  reactions, 
page  224) ;  a  mercuric  salt  (corrosive  sublimate,  for  example) 
may  therefore  be  used  in  testing  for  iodides,  a  scarlet  precipitate 
of  mercuric  iodide  (Hgl^)  being  produced. 

This  reaction  may  be  employed  where  large  quantities  of  an 
iodide  are  present ;  but  its  usefulness  in  analysis  is  much  im- 
paired by  the  fact  that  the  precipitate  is  soluble  in  excess  of  the 
dissolved  iodide,  or  in  excess  of  the  mercuric  reagent.  Its  colour 
and  insolubility  in  water  distinguish  it  from  mercuric  chloride, 
bromide,  and  cyanide,  which  are  white  soluble  salts. 

Fifth  Analytical  Reaction. — Iodides  have  also  (see  the  Lead 
reactions,  page  235)  been  shown  to  be  useful  in  testing  for  lead 
salts  ;  ^  similarly  a  lead  salt  (acetate,  for  example)  may  be  used  in 
testing  for  iodides,  a  yellov/  precipitate  of  iodide  of  lead  (Pbl^), 
soluble  in  hot  water  and  crystallizing  in  yellow  scales  on  cooling, 
being  produced. 

Chloride,  bromide,  and  cyanide  of  lead  are  white ;  hence  the 
above  reaction  may  occasionally  be  useful  in  distinguishing  iodine 
from  the  allied  radicals.  Eut  iodide  of  lead  is  slightly  soluble  in 
cold  water ;  hence  small  quantities  of  iodine  cannot  be  detected 
by  this  reaction.    (For  lodates,  see  Index.) 

Analogies  between  Chlorine,  Bromine,  Iodine,  and  their  Com- 
pounds.— These  elements  form  a  natural  group  or  family,  each 
distinct  from  the  other,  yet  closely  related.  Moreover  their 
dissimilarities  are  so  curiously  gradational  as  to  irrisistibly 
suggest  the  idea  that  some  day  we  may  find  the  difierences 
between  these  bodies  to  be  in  degree  rather  than  in  kind.  Thus 
chlorine  is  a  gas  and  iodine  a  solid,  while  bromine  occupies  the 
intermediate  condition.  The  atomic  weight  of  bromine  is  nearly 
midway  between  those  of  chlorine  and  iodine.  The  same  may 
be  said  of  the  weight  of  equal  volumes  of  each  in  the  gaseous 
state.  The  specific  gravity  of  fluid  chlorine  is  1*33,  of  iodine 
4-95,  while  bromine  is  nearly  3.  Liquid  chlorine  is  transparent, 
iodine  opaque,  bromine  intermediate.  The  crystalline  forms  of 
the  chloride,  bromide,  and  iodide  of  a  metal  are  commonly 
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identical.  One  volume  of  either  element  in  the  gaseous  state 
combines  with  an  equal  Yolume  of  hydrogen  (at  the  same  tempe- 
rature) to  form  two  volumes  of  a  gaseous  acid,  very  soluble  in 
water  (hydrochloric  acid,  hydrobromic  acid,  hydriodic  acid). 
Many  other  analogies  are  traceable. 


QUESTIO^sTS  AND  EXEECISES. 

417.  State  the  method  by  which  Bromine  is  obtained  from  its 
natural  compounds. 

418.  Mention  the  properties  of  bromine. 

419.  How  may  the  Eromides  of  Potassium  and  Ammonium  be 
made  ? 

420.  By  what  reagents  may  bromides  be  distinguished  from 
chlorides  ? 

421.  Whence  is  Iodine  obtained? 

422.  By  what  process  is  iodine  isolated  ? 

423.  State  the  properties  of  iodine. 

424.  What  is  the  nature  of  Iodide  of  Sulphur  ? 

425.  Give  the  analytical  reactions  of  iodides. 

426.  Which  three  substances  may,  indirectly,  be  detected  by  a 
mixture  of  iodide  of  potassium  and  mucilage  of  starch  ? 

427.  Describe  a  method  by  which  iodides  may  be  removed 
from  a  solution  containing  chlorides  and  bromides. 


HYDEOCYANIC  ACID  AND  OTHEE  CYANIDES. 

Eormula  of  Hydrocyanic  acid  HCK  or  HCy. 
Molecular  weight  27. 

History  of  Cyanogen. — The  acidulous  radical  of  hydrocyanic 
acid  and  other  cyanides  is  a  compound  body,  cyanogen  (Cy).  It 
is  so  named  from  Kvavos^  Jcuanos,  blue,  and  yewdh),  gennad,  I 
generate,  in  allusion  to  its  prominent  chemical  character  of  form- 
ing, with  iron,  the  different  varieties  of  Prussian  blue.  It  was 
from  Prussian  blue  that  Scheele  in  1782  first  obtained  what  we 
now,  from  our  knowledge  of  its  composition,  term  hydrocyanic 
acid,  but  which  he  called  Prussic  acid.  Cyanogen  was  isolated 
by  Gay-Lussac  in  1814,  and  was  the  first  compound  radical 
distinctly  proved  to  exist. 
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Sources. — Cyanogen  does  not  occur  in  nature,  and  is  only  formed 
from  its  elements  under  certain  circumstances.  It  is  found  in 
small  quantities  among  the  gases  of  iron -furnaces,  and  is  pro- 
duced to  a  slight  extent  in  distilling  coals  for  gas.  In  the  form 
of  ferrocyanide  of  potassium  it  is  obtained  abundantly  by  heating 
animal  refuse  containing  nitrogen,  such  as  the  scrapings  of  horns, 
hoofs,  and  hides  (5  parts),  with  carbonate  of  potassium  (2  parts) 
and  waste  iron  (filings  etc.)  in  a  covered  iron  pot.  The  residual 
mass  is  boiled  with  water,  the  mixture  filtered,  and  the  filtrate 
evaporated  and  set  aside  for  crystals  to  form.  The  cyanogen, 
produced  from  the  carbon  and  nitrogen  of  the  animal  matter, 
unites  with  the  potassium  and  afterwards,  on  boiling  with  water, 
with  iron  to  form  what  is  known  as  the  yellow  prussiate  of 
potash  (Potassce  Prussias  Flava,  B.  P.),  or  ferrocyanide  of  potas- 
sium (K'^re"Cy'g),  a  compound  occurring  in  four-sided  tabular 
yellow  crystals.  It  contains  the  elements  of  cyanogen,  yet  is  not 
a  cyanide,  for  it  is  not  poisonous,  and  is  otherwise  different  from 
cyanides:  it  will  be  further  noticed  subsequently.  Prom  this 
salt  all  cyanides  are  directly  or  indirectly  prepared. 

Cyanide  of  potassium  (KCy),  which  is  the  most  common,  is 
procured  by  fusing  ferrocyanide  of  potassium  with  carbonate  of 
potassium  in  a  crucible ;  carbonic  acid  gas  (CO^)  is  evolved,  iron 
(Fe)  is  set  free,  and  cyanate  of  potassium  (KCyO),  a  body  that 
will  be  subsequently  noticed^  is  formed  at  the  same  time  : — 

2K,reCy3  +  2K,C03  =  lOKCy  +  2KCyO  +  Fe,  -|-  2C0,. 

Double  cyanides  exist,  such  as  the  cyanide  of  sodium  and  silver 
(NaCy,  AgCy)  formed  in  the  process  (subsequently  described)  of 
quantitatively  determining  the  amount  of  hydrocyanic  acid  in  a 
liquid  by  a  standard  solution  of  nitrate  of  silver :  these  com- 
pounds have,  more  or  less,  the  properties  of  their  constituents. 
Eut  other  cyanogen  compounds,  not  double  cyanides,  occur  in 
which  the  cyanogen  is  so  intimately  united  with  a  metal  as  to 
form  a  distinct  radical :  such  are  ferrocyanides  and  ferrid- 
cyanides— salts  which  will  be  noticed  in  due  course. 

Cyanogen,  like  chlorine,  bromine,  and  iodine,  is  .univalent 
(Cy').  It  may  be  isolated  by  simply  heating  mercuric  cyanide 
(HgCy,)  or  cyanide  of  silver  (AgCy).  It  is  a  colourless  gas, 
burning,  when  ignited,  with  a  beautiful  peachblossom-coloured 
flame. 

Mercuric  cyanide  is  produced  in  crystals  on  dissolving  1  part 
of  ferrocyanide  of  potassium  in  15  parts  of  boiling  water,  adding 
2  parts  of  mercuric  sulphate,  keeping  the  whole  hot  for  ten  or 
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fifteen  minutes,  and  then  filtering  and  setting  aside  to  cool.  In 
addition  to  mercuric  cyanide  (HgCy^),  mercury  (Hg),  ferric  sul- 
phate (Pe^SSO^),  and  sulphate  of  potassium  (K^SO^)  are  formed. 
Any  excess  of  ferrocyanide  also  gives  Prussian  blue  by  reaction 
with  the  ferric  sulphate.  A  small  flame  of  cyanogen  may  be  ob- 
tained on  heating  a  few  crystals  of  mercuric  cyanide  in  a  short  piece 
of  glass  tubing  closed  at  one  end.  and  applying  a  light  to  the  other 
end  as  soon  as  evolution  of  gas  commences  :  brown  ^aracyanogen 
(Cgl^g)  and  mercury  remain. 

Eeactioj^'s. 
Diluted  Hydrocyanic  Acid. 

Synthetical  Ueaction. — Dissolve  2  or  3  grains  of  ferrocyanide 
of  potassium  in  5  or  6  times  its  weight  of  water  in  a  test-tube, 
add  a  few  drops  of  sulphuric  acid  and  boil  the  mixture,  convey- 
ing the  evolved  gas  by  a  bent  glass  tube  (adapted  to  the  test-tube 
by  a  cork)  into  another  test-tube  containing  a  little  water ;  the 
product  is  a  dilute  solution  of  hydrocyanic  acid.  Made  by  this 
process  in  larger  quantities  and  of  a  certain  definite  strength  (2  per 
cent.),  this  solution  is  the  Acidum  Rydrocyanicum  Biluium,  B.  P. 
"  A  colourless  liquid  of  peculiar  odour.    Specific  gravity  0-997." 

2K^FeCj,  +  6H^S0,  =  Fe"K^FeCj,  +  6KHS0,  +  ^HCy. 

The  details  of  the  ofiicial  process  are  as  follows Dissolve 
2|  ounces  of  ferrocyanide  of  potassium  in  10  ounces  of  water, 
add  1  fluid  ounce  of  sulphuric  acid  previously  diluted  with  four 
ounces  of  water  and  cooled.  Put  the  solution  into  a  flask  or 
other  suitable  apparatus  of  glass  or  earthenware,  to  which  are 
attached  a  condenser  and  a  receiver  arranged  for  distillation  (see 
p.  132) ;  and  having  put  8  ounces  of  distilled  water  into  the 
receiver,  and  provided  efficient  means  for  keeping  the  condenser 
and  receiver  cold,  apply  heat  to  the  flask,  until  by  slow  distillation 
the  liquid  in  the  receiver  is  increased  to  17  fluid  ounces*.  Add 

^  This  operation  is  peculiarly  liable  to  those  sudden  and  tumultuous 
evolutions  of  vapour,  or  "bumpings,"  or  "  soubresauts,''  which  often  interfere 
with  successful  distillation.  Such  phenomena  occur,  according  to  Tomlinson, 
whenever  unaided  heat  has  to  overcome  the  great  amount  of  adhesion  natu- 
rally existing  between  certain  liquids  and  vapours,  or,  rather,  between  the 
liquid  and  those  particles  of  it  which,  becoming  strongly  heated  at  the  heated 
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to  this  3  ounces  of  distilled  water,  or  as  much  as  may  be  sufficient 
to  bring  the  acid  to  the  required  strength,  so  that  100  grains  (or 
110  minims)  of  it,  precipitated  with  a  solution  of  nitrate  of  silver 
{vide  paragraphs  on  quantitative  analysis),  shall  yield  10  grains 
of  dry  cyanide  of  silver.  The  end  of  the  condenser  should  pass 
quite  into  the  receiver. 

The  residue  of  this  reaction  is  acid  sulphate  of  potassium 
(KHSO^),  which  remains  in  solution,  and  ferrocyanide  of  potas- 
sium and  iron  (Fe^K^FeCyg),  an  insoluble  powder  sometimes 
termed  Everitt's  yellow  salt,  from  the  name  of  the  chemist  who 
first  made  out  the  nature  of  the  reaction.  The  latter  compound 
becomes  bluish  green  during  the  reaction,  owing  to  absorption  of 
oxygen. 

Pure  anhydrous  hydrocyanic  acid  is  a  colourless,  highly  vola- 
tile, intensely  poisonous  liquid,  solidifying  when  cooled  to  a  low 
temperature.  It  may  be  made  by  passing  sulphuretted  hydrogen 
over  mercuric  cyanide.  The  official  solution  of  the  acid  is  fairly 
stable,  but  is  said  to  be  rendered  more  so  by  the  presence  of  a 
minute  trace  of  sulphuric  or  hydrochloric  acid.  A  stronger  acid  is 
liable  to  assimilate  the  elements  of  water,  and  yield  formiate  of  am- 
monium (NH^CHO^).  Solutions  of  hydrocyanic  acid  often  become 
brown  by  formation  of  what  is,  sn^^SLTentlj,  joaracyanogen  (C^'N^). 


part  of  the  vessel,  have  assumed  the  condition  of  particles  of  dissolved 
vapour,  and  which  would  at  once  pass  from  this  condition  into  that  of  per- 
manent vapour  but  for  adhesion.  Ordinarily  a  glass  or  other  surface  is  not 
absolutely  clean,  but  is  more  or  less  covered  with  specks,  traces  of  materials 
deposited  from  the  air,  the  fingers,  cloths,  &c.  Some  liquids  seem  to  have  little 
or  no  adhesion  for  these  materials,  while  certain  vapours  have  greater 
adhesion  for  the  films  than  for  the  liquids.  Hence,  in  ordinary  regular 
ebullition  the  vapours  accumulate  on  the  films,  and  then  at  once  become 
subject  to  the  pressure  of  the  mass  of  fluid,  and  so  pass  off  in  bubbles.  But 
when  the  films  are  absent,  or  have  become  removed  during  distillation,  the 
heat  accumulates  until  it  is  sufficient  to  overcome  the  adhesion  of  the  super- 
heated particles,  and  these  are  then,  all  of  them  at  once,  converted  into 
vapour,  the  liquid  commonly  boiling  over,  sometimes  even  bursting  the 
vessel.  "  Bumping  "  would  be  prevented  by  the  introduction  of  fragments 
of  substances  for  which  vapour-particles  have  adhesion,  but  no  known  sub- 
stance has  this  property  in  an  absolute  degree.  Fragments  of  tobacco-pipe 
or  pumice-stone,  pieces  of  cork,  thick  paper,  resin,  sulphur,  platinum  wire, 
&c.  are  all  useful  when  there  is  no  chemical  action  between  them  and  the 
liquid.  Mr.  Tomlinson  very  strongly  recommends  cocoanut-shell  charcoal  to 
be  used  whenever  practicable.  A  slow  current  of  gas,  such  as  hydrogen,  air, 
or  carbonic  acid  gas,  also  usefully  promotes  escape  of  vapour  from  a  liquid. 
When  the  bumping  cannot  well  be  prevented,  as  in  the  distillation  of  sul- 
phuric acid,  it  is  somewhat  reduced  in  violence  if  the  retort  be  heated  by  an 
annular  gas-burner  rather  than  by  a  single  central  jet. 
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Note. — A  few  drops  of  diluted  hj^lrocyanic  acid  so  placed  that 
its  vapour  may  be  inhaled,  forms  the  Vapor  Acidi  Rydrocyanici, 
B.  P.,  or  Inhalation  of  Hydrocyanic  Acid. 

Hydrocyanic  acid  also  occurs  in  cherry-laurel  water  and 
bitter-almond  water  (vide  Index). 

The  methods  of  determining  the  strength  of  solutions  of  hydro- 
cyanic acid  will  be  described  in  connexion  with  volumetric  and 
gravimetric  quantitative  analysis.  They  are  based  on  the  forma- 
tion of  cyanide  of  silver,  and  its  solubility  in  solution  of  cyanide 
of  potassium,  as  described  in  the  next  reaction. 

The  Hydrocyanic  Acid  used  in  pharmacy  is  extremely  liable  to 
variation  in  strength.  It  should  frequently  be  tested  volumetri- 
cally. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction. — To  a  few  drops  of  the  hydrocyanic 
acid  solution  produced  in  the  above  reaction,  or  to  any  solution 
of  a  cyanide,  add  excess  of  solution  of  nitrate  of  silver ;  a  white 
precipitate  of  cyanide  of  silver  (AgCy)  falls.  "When  the  precipi- 
tate has  subsided  pour  away  the  supernatant  liquid  and  place 
half  of  the  residue  in  another  test-tube :  to  one  portion  add  nitric 
acid,  and  notice  that  the  precipitate  does  not  dissolve  ;  to  the 
other  add  ammonia,  and  observe  that  the  precipitate  is  insoluble, 
or  only  sparingly  soluble.  (Chloride  of  silver,  which  is  also  white, 
is  readily  soluble  in  ammonia.)  Cyanide  of  silver  dissolves  in 
solution  of  cyanides  of  alkali-metals,  soluble  double  cyanides 
being  formed  {e.  g.  XCy,  AgCy). 

Soluhility  of  precipitates  in  strong  solutions  of  salts. — Cyanide 
of  silver  and  many  other  precipitates  insoluble  in  acids  (similar 
remarks  apply  to  precipitates  insoluble  in  alkalies)  are  often 
soluble  in  the  strong  saline  liquids  formed  by  the  addition  of 
acids  and  alkalies  to  each  other.  Hence  the  precaution  of  adding 
the  latter  reagents  to  separate  portions  of  a  precipitate,  or  of  not 
adding  the  one  until  the  other  has  been  poured  away. 

Cyanogen  in  an  insoluble  cyanide,  such  as  cyanide  of  silver 
itself,  is  readily  recognized  on  heating  the  substance  in  a  short 
piece  of  glass  tubing  closed  at  one  end  like  a  test-tube  and  drawn 
out  at  the  other  end,  so  as  to  have  but  a  small  opening ;  on 
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applying  a  flame,  the  escaping  cyanogen  ignites  and  burns  with 
a  characteristic  peach-blossom  tint. 

Antidote. 

Second  Analytical  Beaction. — To  a  dilute  solution  of  hydro- 
cyanic acid,  or  a  soluble  cyanide,  add  a  few  drops  of  solution  of  a 
ferrous  salt  and  a  drop  or  two  of  solution  of  a  ferric  salt  (ferrous 
sulphate  and  ferric  chloride  are  usually  at  hand) ;  to  the  mixture 
add  potash,  soda,  magnesia,  or  carbonate  of  sodium,  and  then 
hydrochloric  acid ;  a  precipitate  of  Prussian  blue  remains.  The 
decompositions  may  be  traced  in  the  following  equations  : — 

HCy    +    KHO  =  KCy  + 
2E:Cy    +    FeSO,  =  FeCy,     +  K^SO, 
4KCy    +    PeCy,  =  K.FeCy^  or  K^Fcy 
3K,Fcy  +  2Fe,Cl3  =  12KC1     +  Fe,Fcy3. 

The  test  depends  on  the  conversion  of  the  cyanogen  into  ferro- 
cyanogen  by  aid  of  the  iron  of  a  ferrous  salt,  and  the  combination 
of  the  ferrocyanogen,  so  produced,  with  the  iron  of  a  ferric  salt. 
Hence  a  mixture  of  green  sulphate  of  iron,  solution  of  per- 

chloride  of  iron,  and  either  magnesia  or  carbonate  of  sodium 

is  the  recognized  antidote  in  cases  of  poisoning  by  hydrocyanic 

acid  or  cyanide  of  potassium. 
In  such  an  alkaline  mixture  the  poisonous  cyanide,  by  reaction 
with  ferrous  hydrate,  is  at  once  converted  into  innocuous  ferro- 
cyanide  of  potassium  or  sodium  etc. :  should  the  mixture  become 
acid,  the  ferric  salt  present  reacts  with  the  soluble  ferrocyanide 
forming  insoluble  Prussian  blue,  which  is  also  inert.  From  the 
rapidity  of  the  action  of  these  poisons,  however,  there  is  seldom 
time  to  prepare  an  antidote.  Emetics,  the  stomach-pump,  the 
application  of  a  stream  of  cold  water  to  the  spine,  and  the  above 
antidote  form  the  usual  treatment. 

Third  Analytical  Beaction,— To  solution  of  hydrocyanic  acid 
add  ammonia  and  common  yellow  sulphydrate  of  ammonium, 
and  evaporate  the  liquid  nearly  or  quite  to  dryness  in  a  small 
dish,  occasionally  adding  ammonia  till  the  excess  of  sulphydrate 
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of  ammonium  is  decomposed ;  acidify  the  liquid  with  hydrochloric 
acid,  and  then  add  a  drop  of  solution  of  a  ferric  salt ;  a  blood- 
red  solution  of  sulphocyanate  of  iron  will  be  formed. 

This  is  a  very  delicate  reaction.  Some  free  sulphur  in  the 
yellow  sulphydrate  of  ammonium  unites  with  the  alkaline  cyanide 
and  forms  sulphocyanate  (2AmCy+S2=2AmCyS) ;  the  ammonia 
combines  with  excess  of  free  sulphur  and  forms,  among  other 
salts,  sulphydrate  of  ammonium,  the  whole  of  which  is  removed 
by  the  ebullition.  If  the  liquid  has  not  been  evaporated  far 
enough,  sulphydrate  of  ammonium  may  still  be  present,  and  give 
black  sulphide  of  iron  on  the  addition  of  the  ferric  salt. 

Hydrocyanic  acid  in  the  Hood, — According  to  Euchner  the 
blood  of  animals  poisoned  by  hydrocyanic  acid,  instead  of  coagu- 
lating as  usual,  remains  liquid  and  of  a  clear  cherry-red  colour 
for  several  days.  In  one  case  he  obtained  the  reactions  of  the 
acid  on  diluting  and  distilling  the  blood  fifteen  days  after  death, 
and  applying  the  usual  reagents  to  the  distillate.  Aqueous  solu- 
tion of  peroxide  of  hydrogen  changes  such  blood  to  a  deep  brown 
colour. 

ScTibnhein^s  test  for  hydrocyanic  acid  is  said  to  be  extremely 
delicate.  Piltering-paper  is  soaked  in  a  solution  of  3  parts  of 
guaiacum  resin  in  100  of  alcohol.  A  strip  of  this  paper  is  dipped 
in  a  solution  of  1  part  of  sulphate  of  copper  in  50  of  water ;  a 
little  of  the  suspected  solution  is  placed  on  this  paper  and  exposed 
to  the  air,  when  it  immediately  turns  blue.  Or  the  paper  may 
be  placed  over  the  neck  of  an  open  bottle  of  medicine  supposed 
to  contain  hydrocyanic  acid,  or  otherwise  exposed  to  the  vapour 
of  the  acid. 


QTJESTIOI^S  AND  EXEECISES. 

428.  "Write  a  paragraph  on  the  history  of  cyanogen. 

429.  Mention  the  source  of  the  cyanogen  of  cyanides. 

430.  How  is  Eerrocyanide  of  Potassium  prepared? 

431.  What  is  the  formula  of  ferrocyanide  of  potassium? 

432.  Is  ferrocyanide  of  potassium  poisonous  ? 

433.  Write  an  equation  expressive  of  the  reaction  which 
ensues  when  ferrocyanide  and  carbonate  of  potassium  are  brought 
together  at  a  high  temperature. 

434.  What  are  the  properties  of  cyanogen  ?  How  may  it  be 
obtained  in  a  pure  condition  ? 

435.  How  is  mercuric  cyanide  prepared  ? 
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436.  How  much  real  hydrocyanic  acid  is  contained  in  the 
official  liquid  ? 

437.  Grive  details  of  the  preparation  of  hydrocyanic  acid,  and 
an  equation  of  the  reaction. 

438.  State  the  proportion  of  water  that  must  be  added  to  an 
aqueous  solution  containing  15  per  cent,  of  hydrocyanic  acid  to 
reduce  the  strength  to  2  per  cent. — Ans.  6|  to  1. 

439.  What  are  the  characters  of  pure  hydrocyanic  acid  ?  How 
may  it  be  obtained  ? 

440.  Enumerate  the  tests  for  cyanogen,  giving  equations. 

441.  Explain  the  action  of  the  best  antidote  in  cases  of 
poisoning  by  hydrocyanic  acid  or  cyanide  of  potassium. 


NITEIG  ACID  AND  OTHEE  EITEATES. 

Formula  of  Mtric  Acid  HJN'Og.    Molecular  weight  63. 

Introduction, — The  group  of  elements  represented  by  the  for- 
mula NO3  is  that  characteristic  of  nitric  acid  and  all  other  nitrates ; 
hence  it  is  expedient  to  regard  these  elements  as  forming  an 
acidulous  radical,  which  may  be  termed  the  nitric  radical.  Like 
the  hypothetical  basylous  radical  ammonium  (ISTH^),  this  supposed 
acidulous  radical  (NO3)  has  not  been  isolated.  Possibly  it  is 
liberated  when  chlorine  is  brought  into  contact  with  nitrate  of 
silver ;  but  if  so,  its  decomposition  into  white  crystalline  nitric 
anhydride  (^"205)  and  oxygen  (0)  is  too  rapid  to  admit  of  its 
identification. 

Sources, — The  nitrogen  and  oxygen  of  the  air  combine  and 
ultimately  form  nitric  acid  whenever  a  current  of  electricity  (as 
in  the  occurrence  of  lightning)  passes.  Mtrates  are  commonly 
met  with  in  waters,  soils,  and  the  juices  of  plants.  In  the 
concentrated  plant-juices  termed  medicinal  "  Extracts,"  small 
prismatic  crystals  of  nitrate  of  potassium  may  occasionally  be 
observed.  (The  cubical  crystals  often  met  with  on  extracts  are 
chloride  of  potassium.)     Mtric  acid  and  other  nitrates  are 

:  obtained  from  nitrates  of  potassium  and  sodium,  and  these  from 
the  surface  soil  of  tropical  countries.  Nitrate  of  potassium  or 
prismatic  nitre  (from  the  form  of  its  crystals)  is  chiefly  produced 
in  and  about  the  villages  of  India.    The  natives  simply  scrape 

j  the  surface  of  waste  grounds,  mud  heaps,  banks,  and  other  spots 
where  a  slight  incrustation  indicates  the  presence  of  appreciable 
quantities  of  nitre,  mix  the  scrapings  with  wood-ashes  (carbonate 

i 
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of  potassium,  to  decompose  the  nitrate  of  calcium  always  present), 
digest  the  mixture  in  water,  and  evaporate  the  liquor.  The  im- 
pure product  is  purified  by  careful  recrystallizations,  and  is  sent 
into  commerce  in  the  form  of  white  crystalline  masses  or  frag- 
ments of  striated  six-sided  prisms.  Besides  its  use  in  medicine 
(Potassce  Nitras,  B.  P.),  it  is  employed  in  very  large  quantities  in 
the  manufacture  of  gunpowder.  Nitrate  of  Sodium  (Sodce  Nitras, 
B.  P.)  occurs  in  more  distinct  incrustations  on  the  surface  of  the 
ground  in  Peru,  Bolivia,  and  Chili,  more  especially  in  the  district 
of  Atacama ;  it  is  distinguished  as  Chili  saltpetre  or  (from  the 
form  of  its  crystals — obtuse  rhomboids,  not  true  cubes)  cubic 
nitre,  and  is  chiefly  used  as  a  manure  and  as  a  source  of  nitric 
acid,  its  tendency  to  absorb  moisture  unfitting  it  for  use  in  gun- 
powder. In  many  parts  of  Europe  nitrate  of  potassium  is  made 
artificially  by  exposing  heaps  of  animal  manure,  refuse,  ashes, 
and  soil  to  the  action  of  the  air  and  the  heat  of  the  sun  :  in  the 
course  of  a  year  or  two  the  nitrogen  of  the  animal  matter  becomes 
oxidized  to  nitrates ;  the  latter  are  removed  by  washing. 

Note, — The  word  nitric  is  from  nitre,  the  English  equivalent 
of  the  Greek  vLrpov  (nitron),  a  name  applied  to  certain  natural 
deposits  of  natron  (carbonate  of  sodium),  for  which  nitrate  of 
potassium  seems  at  first  to  have  been  mistaken.  Saltpetre  is 
simply  sal  petrce,  salt  of  the  rock,  in  allusion  to  the  natural 
origin  of  nitrate  of  potassium.  Sal  prunella  (from  sal,  a  salt, 
and  pruna,  a  live  coal)  is  nitrate  of  potassium  melted  over  a  fire 
and  cast  into  cakes  or  bullets. 

The  nitric  radical  is  univalent  (NO^'), 

Constitution  of  Salts, 

It  is  here  necessary  again  to  caution  the  reader  against  re- 
garding salts  as  invariably  possessing  a  known  constitution,  or 
supposing  that  they  always  possess  two  or  more  sides,  or  contain 
definite  radicals.  The  erroneous  conception  which,  of  all  others, 
is  most  likely  to  be  imperceptibly  formed  is  that  of  considering 
salts  to  be  binary  bodies.  Eor,  first,  the  names  of  salts  are  neces- 
sarily binary.    A  student  hears  the  names  "  sulphate  of  iron,'' 

sulphate  of  copper,"  and  simultaneously  receives  the  impression 
that  each  salt  has  two  sides,  copper  or  iron  occupying  one  and 
something  indicated  by  the  words  sulphate  of"  the  other. 
Such  words  as  "  vitriol,"  green  or  blue,  or  nitre,"  would  per- 
haps implant  unitary  ideas  in  the  mind ;  but  it  is  simply  im- 
possible to  give  such  names  to  all  salts  as  wiU  convey  the 
impression  that  each  salt  is  a  whole,  and  therefore  unitary.  The> 
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name  "  sulphate  of  potash. "  produces  binary  impressions ;  and 
fche  less  incorrect  name  "  sulphate  of  potassium  "is  in  this 
respect  no  better.  Secondly,  it  is  impracticable  to  study  salts  as 
a  whole.  Teachers  are  unanimous  in  the  opinion  that  students 
should  first  master  the  reactions  characteristic  of  the  metals  in 
salts,  and  then  the  residues  which,  with  those  metals,  make  up 
the  salts,  or  vice  versa.  It  is  not  only  impracticable,  but  impos- 
sible, to  study  salts  as  a  whole ;  binary  ideas  concerning  them 
are  therefore  almost  inevitably  imbibed.  We  come  to  regard  a 
salt  as  a  body  which  splits  up  in  one  direction  only,  look  upon 
nitre,  for  instance,  and  all  other  nitrates,  as  containing  IN'Og  and 
a  metal,  M ;  whereas  X'NO^  may  be  split  up  into  KNO^  and  0 ; 
or  into  Xfi,  'N^,  and  0, ;  or  may  contain  KgO  and  IN'^O,.  These 
are  the  chief  disadvantages  attending  the  employment  of  the 
binary  hypothesis  in  studying  chemical  compounds :  if  they  be 
borne  in  mind,  the  hypothesis  may  be  freely  used  without  much 
danger  of  permanent  mental  bias.  Thus  in  nitre  let  the  group 
of  elements  (NOg)  which,  with  potassium,  makes  up  the  whole 
salt  be  called  the  nitric  radical,  the  name  of  the  latter  being 
directly  derived  from  its  hydrogen  salt.  Similarly  allow  the 
acidulous  residues  of  other  salts  of  metals  to  be  termed  respec- 
tively the  chloric,  acetic,  sulphurous,  sulphuric,  carbonic,  oxalic, 
tartaric,  phosphoric,  citric,  boracic  radicals.  In  short,  these 
compound  radicals  should  be  regarded  as  groupings  common  to 
many  salts,  and  which  may  usually  be  transferred  without  any 
apparent  breaking  or  splitting ;  at  the  same  time  we  must  be 
prepared  to  find  that  occasionally  a  salt  divides  in  other  directions. 
In  this  way  perhaps  erroneous  impressions  will  gain  least  hold  on 
the  mind,  and  a  way  be  left  open  for  the  easy  entrance  of  new 
truths,  should  the  real  constitution  of  salts  be  discovered. 

Formerly  salts  (such  as  sulphate  of  magnesium)  were  regarded 
as  containing  (a)  an  oxide  of  a  metal  (MgO)  and  an  anhydride 
(SOg) ,  the  latter  being  incorrectly  called  an  acid  (sulphuric  acid), 
or  (h)  as  containing  two  simple  radicals  (e.  g,  KI,  itaCl,  KCy,  HgS) 
— the  former  being  called  oscyacid  salts  or  occysalts,  and  the  latter 
haloid  salts  (from  aXs,  als,  seasalt,  and  ellos,  eidos,  likeness). 
Such  distinction  is  no  longer  maintained,  the  two  classes  being 
merged.  This  is  an  important  educational  gain  on  the  side  of 
simplicity ;  for  whereas  under  the  old  system  much  time  was 
necessarily  expended  before  salts  of  a  metal  and  salts  of  the  oxide 
of  that  metal  could  be  distinguished  (e.  g.  KI  and  MgO,  SOg), 
now,  all  salts  being  regarded  as  salts  of  the  metals  themselves 
(e.  g.  KI  and  MgSO^),  no  such  distinction  is  necessary. 
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Eeactioks. 
Mtric  Acid. 

Synthetical  Reaction. — To  a  fragment  of  nitrate  of  potassium 
or  nitrate  of  sodium  in  a  test-tube  add  a  drop  or  two  of  sulphuric 
acid,  and  warm ;  nitric  acid  (HlN'Og)  is  evolved  in  vapour.  The 
fumes  may  be  condensed  by  a  bent  tube  fitted  to  the  test-tube, 
not  by  a  cork  as  for  hydrochloric  acid,  because  the  nitric  vapours 
would  strongly  act  on  it,  but  by  plaster  of  Paris,  a  paste  of  which 
sets  hard  on  being  set  aside  for  a  short  time,  and  is  unaffected 
by  the  acid. 

On  a  somewhat  larger  scale  nitric  acid  may  be  prepared  by 
heating,  in  a  stoppered  or  plain  retort,  a  mixture  of  equal  weights 
of  nitrate  of  potassium  and  sulphuric  acid  ;  the  acid  distils  over, 
and  acid  sulphate  of  potassium  remains  behind  : — 

-Km^    +    I-I,SO,    =    Hls^Og    -1-  KHSO, 

IS'itrate  of  Sulphuric  IS'itric  Acid  sulphate 

potassium,  acid.  acid.  of  potassium. 

Half  the  quantity  of  sulphuric  acid  may  be  taken  ;  but  in  that 
case  neutral  sulphate  of  potassium  (K^SO^)  is  produced,  which, 
from  its  hard,  slightly  soluble  character,  is  removed  with  diffi- 
culty from  the  retort.  On  the  manufacturing  scale  the  less 
proportion  is  used ;  but  instead  of  retorts  iron  cylinders  are 
employed,  from  which  the  residual  salt  is  removed  by  chisels. 
Moreover  the  cheaper  sodium  salt  is  the  nitrate  from  which 
manufacturers  usually  prepare  nitric  acid,  seven  parts  of  nitrate 
of  sodium  and  four  of  sulphuric  acid  being  employed. 

Note. — The  acid  sulphate  of  potassium  is  readily  converted  into 
neutral  sulphate  (Potassm  Sulphas^  B,  P,)  by  dissolving  in  water, 
adding  carbonate  of  potassium  until  effervescence  ceases  to  occur, 
filtering,  and  setting  aside  to  crystallize. 

Pure  nitric  acid  (Hl^Og)  is  a  colourless  liquid,  somewhat  diffi- 
cult of  preparation;  its  specific  gravity  is  1*52.  The  strongest 
acid  met  with  in  commerce  has  a  sp.  gr.  of  1*5,  and  contains 
93  per  cent,  of  real  nitric  acid  (HNOg)  ;  it  fumes  disagreeably, 
is  unstable,  and,  except  as  an  eseharotic,  is  seldom  used.  The 
British  Pharmacopoeia  contains  two  acids  : — Acidum  Nitricum, 
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prepared  as  above,  of  sp.  gr.  1*42,  and  containing  70  per  cent, 
of  real  acid  (HNO3) ;  and  another,  Acidum  Nitriciim  Dilutiim, 
sp.  gr.  1-101,  containing  nearly  17^  (17*44)  per  cent.  Either  of 
the  stronger  liquids,  although  containing  water,  is  usually  simply 
termed  nitric  acid."  The  official  nitric  acid,  of  sp.  gr.  1-42, 
is  a  definite  hydrous  acid  (2H]S'03,  SH^O) ;  it  distils  at  250°  F. 
without  change.  If  a  weaker  acid  be  heated  it  loses  water,  if 
a  stronger  acid  be  heated  it  loses  nitric  acid,  until  the  density 
of  1*42  is  reached.  Aqua  fortis  is  an  old  name  for  nitric  acid 
(Aqua  fortis  simplex,  sp.  gr.  1*22  to  1*25  ;  Aqua  fortis  duplex, 
1*36).  The  strength  of  a  specimen  of  nitric  acid  is  determined 
by  volumetric  analysis.  Nitric  anhydride  (N^O-),  sometimes,  but 
erroneously,  called  anhydrous  nitric  acid,  is  a  solid  crystalline 
substance  formed  on  passing  dry  chlorine  over  dry  nitrate  of 
silver. 

Metals  reduce  nitric  acid  to  nitrous  acid  and  to  the  various 
oxides  of  nitrogen  or  even  to  nitrogen  itself,  according  to  the 
strength  of  acid,  temperature,  and  amount  of  nitrate  present. 
N'ot  unfrequently  nitrate  of  ammonium  is  simultaneously  formed. 
Thus,  with  zinc, 

imm^  +  2Zn,  =  4(Zn2]vr03)  +  ^^^0^  +  3H,0. 

Aqua  Hegia. — Three  fluid  ounces  of  nitric  acid  (B.  P.),  four 
of  hydrochloric  acid  (B.  P.),  and  twenty-five  of  water  form  the 
Acidum  Nitrohydrochloricum  Dilutum  of  the  British  Pharmacopoeia. 
The  acids  are  ordered  to  be  mixed  twenty-four  hours  before  dilu- 
tion to  insure  mutual  decomposition  and  full  development  of  the 
chief  active  product,  chlorine : — 

2^m,    -\-    6HCI    =   K^O^Cl,?    +    411^0    +  CI, 

Nitric  acid.        Hydrochloric         Chloronitrie  Water.  Chlorine, 

acid.  gas. 

In  the  later  stages  of  the  reaction,  the  decomposition  expressed 
in  the  following  equation  also  probably  occurs  : — 

HNO3    +    suet    =    JSTOCl    +    2H,0    +  CI, 

Mtric  acid.         Hydrochloric     Chloronitrous  Water.  Chlorine, 

acid.  gas. 

The  same  reaction  occurs  if  the  acids  are  mixed  after  dilution, 
but  is  not  complete  for  a  week  or  a  fortnight  (Tilden).  The  un- 
diluted mixture  of  acids  is  known  as  aqua  regia,  so  called  from 
its  property  of  dissolving  gold,  the  "king  of  metals." 

This  "  diluted  nitrohydrochloric  acid  "  is  quite  strong  enough 
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to  attack  organic  matter  with  evolution  of  nitrous  gases,  hence 
should  not  be  dispensed  with  tinctures  etc.  in  too  concentrated 
a  form. 

Analytical  Reactions  (Tests), 

First  Analytical  Reaction. — To  a  solution  of  any  nitrate  (e.  g, 
Kl^Og)  add  sulphuric  acid,  and  then  copper  turnings,  and  warm ; 
colourless  nitric  oxide  gas  (NO)  is  evolved,  which  at  once  unites 
with  the  oxygen  in  the  tube,  giving  red  fumes  of  nitric  peroxide 
or  peroxide  of  nitrogen  (ISTO^). 

2Km,  +  5H,S0,  +  CU3  =  2N0  +  3CuS0,  +  4H,0  +  2KHS0,; 

2m  +  0,  =  2m^. 

Performed  on  a  larger  scale,  in  a  vessel  to  which  a  delivery- 
tube  is  attached,  the  reaction  of  nitric  acid  on  copper  becomes  of 
synthetical  interest,  being  the  process  for  the  preparation  of  nitric 
oxide  gas  for  the  purposes  of  chemical  experiment. 

Small  amounts  of  a  nitrate  may  be  overlooked  by  this  test,  the 
colour  of  the  red  fumes  not  being  very  intense. 

Undiluted  nitric  acid  poured  on  to  copper  turnings  gives  dense 
red  vapours  of  nitrous  acid  (HISTOg),  nitrous  anhydride  (Nfi^)y 
nitric  peroxide  (jN'O^),  nitric  oxide  (NO),  and  even  nitrogen  (N^^ 
the  reaction  varying  somewhat  according  to  the  temperature  of 
the  mixture  and  (Ackworth)  the  amount  of  nitrate  of  copper  in 
solution.  Diluted  nitric  acid  gives  nitric  oxide,  Cug  +  SHI^Og 
= 3(Cu2I^03) + 4H,0  + 

Second  Analytical  Reaction. — To  a  cold  solution  of  a  nitrate, 
even  if  very  dilute,  add  three  or  four  crystals  of  sulphate  of  iron, 
shake  gently  for  a  minute  in  order  that  some  of  the  sulphate 
may  become  dissolved,  and  then  pour  eight  or  ten  drops  of 
strong  sulphuric  acid  down  the  side  of  the  test-tube,  so  that  it 
may  form  a  layer  at  the  bottom  of  the  vessel ;  a  reddish  purple 
or  black  coloration  will  appear  between  the  acid  and  the  super- 
natant liquid. 

This  is  a  very  delicate  test  for  the  presence  of  nitrates.  The 
black  colour  is  due  to  a  solution  or,  perhaps,  combination  of  nitric 
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oxide  with  a  portion  of  the  ferrous  salt.  The  nitric  oxide  is 
liberated  from  the  nitrate  by  the  reducing  action  of  the  hydrogen 
of  the  sulphuric  acid,  the  sulphuric  radical  of  which  is  absorbed 
by  the  ferrous  sulphate,  the  latter  salt  becoming  ferric  sulphate. 

21im,  +  3H,S0,  +  6FeS0,  =  4Hp  +  3(Fe,3S0,)  +  2m. 

The  process  of  oxidation  is  one  frequently  employed  in  experi- 
mental chemistry ;  and  nitrates,  from  their  richness  in  oxygen, 
but  more  especially  because  always  at  hand,  are  the  oxidizers 
usually  selected  for  the  purpose.  In  the  operation  they  generally 
split  up  in  one  way,  namely  into  oxide  of  their  basylous  radical 
nitric  oxide  gas  and  available  oxygen.  Thus  hydrogen  nitrate 
(nitric  acid)  yields  oxide  of  hydrogen  (water)  and  the  other  bodies 
mentioned,  as  shown  in  the  following  equation : — 

41^1103  =  2H,0  +  4:m  +  30,. 

When  nitrates,  other  than  nitric  acid,  are  used  for  the  purpose  of 
oxidation,  a  stronger  acid,  generally  sulphuric,  is  commonly  added 
in  order  that  nitric  acid  may  be  formed,  the  hydrogen  nitrate 
splitting  up  more  readily  than  other  nitrates. 

The  five  oxides  of  nitrogen  have  now  been  mentioned,  namely : — 


• .  •  AO-] 

NO  1 

•  •  •  N.o,  y 

or  N,03 

Mtric  peroxide*    ,  .  , 

NO,  1 

1  Ko, 

IN^itric  anhydride   .  . 

...  N,OJ 

LN,0, 

Mtrous  oxide  is  a  colourless  gas,  not  altered  on  exposure  to 
air ;  nitric  oxide  is  also  colourless,  but  gives  red  fumes  in  the 
air  ;  nitrous  anhydride  is  a  red  vapour  condensible  to  a  blue 
liquid ;  nitric  peroxide  is  a  red  vapour  condensible  to  an  orange 
liquid;  nitric  anhydride  is  a  colourless  crystalline  solid.  The 
two  anhydrides  by  absorbing  water  yield  respectively  nitrous 
acid  (HNO^)  and  nitric  acid  (HlN'Og).  This  series  of  compounds 
forms  a  good  illustration  of  the  doctrine  of  multiple  proportions 
(p.  42). 

Third  Analytical  Reaction. — Direct  the  blowpipe-flame  on  to 
charcoal  until  a  spot  is  red-hot ;  now  place  on  the  spot  a  frag- 
ment of  a  nitrate  ;  deflagration  ensues. 

The  specific  gravities  of  these  gases  indicate  that  NO  and  NOg  are  the 
correct  formulsBj  and  not  N^O^  and  N.^O^. 

p5 
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This  reaetion  does  not  distinguish  nitrates  from  chlorates.  It 
is  insufficient  for  the  recognition  of  very  small  quantities  of  either 
class  of  salts,  especially  when  they  are  mixed  with  other  suh- 
stances. 

Gunpowder  is  an  intimate  mechanical  mixture  of  75  parts 
of  nitre,  15  to  12  J  parts  of  charcoal,  and  10  to  12|  parts  of  sul- 
phur. In  hurning  it  may  he  said  to  give  sulphide  of  potassium 
(the  white  smoke,  K^S),  nitrogen  (N),  carhonie  oxide  (CO),  and 
carbonic  acid  (CO^)  gases,  though  the  decomposition  is  seldom 
complete.  The  sudden  production  of  a  large  quantity  of  heated 
gas  from  a  small  quantity  of  a  cold  solid  is  sufficient  to  account 
for  all  the  effects  of  gunpowder. 

Fourth  Analytical  Reaction. — To  nitric  acid  or  other  nitrate  add 
solution  of  "  sulphate  of  indigo     the  colour  is  discharged. 

"  Solution  of  Sulphate  of  Indigo,''  B.  P.  (Sulphindylic  or  Sul- 
phindigotic  Acid),  is  made  by  digesting  5  grains  of  dry  finely 
powdered  indigo  in  a  small  quantity  of  strong  sulphuric  acid  in 
a  test-tube  for  an  hour,  the  mixture  being  kept  hot  by  a  water- 
bath  ;  the  blue  liquid  is  then  poured  into  10  ounces  of  sulphuric 
acid,  the  whole  well  shaken,  set  aside,  and  the  clear  liquid  de- 
canted.   Free  chlorine  also  destroys  the  colour  of  this  reagent. 

Indigo,  B.  P.  (CgH-KO),  is  a  blue  colouring-matter  deposited 
when  infusion  of  various  species  of  Indigofera  is  exposed  to  air 
and  slight  warmth.  Under  these  circumstances,  indican,  a  yel- 
low transparent  amorphous  substance,  soluble  in  water,  breaks 
up  into  indigo,  which  is  insoluble  and  falls  as  a  sediment,  and  a 
sort  of  sugar  termed  indiglucin.  The  indigo  is  collected,  drained, 
pressed,  and  dried.  By  action  of  deoxidizing  agents  indigo  is 
converted  into  soluble  colourless  indigogen,  reduced  indigo,  or 
white  indigo :  1  part  of  powdered  indigo,  2  of  green  sulphate  of 
iron,  3  of  slaked  lime,  and  200  of  water,  shaken  together  and 
set  aside  in  a  well- closed  bottle,  gives  this  colourless  indigo.  A 
piece  of  yarn,  calico,  or  similar  fabric,  dipped  into  such  a  solu- 
tion and  exposed  to  air,  becomes  dyed  blue,  deposition  of  inso- 
luble indigo-blue  occurring  within  the  cells  and  vessels  of  the 
fibre.  This  operation  is  readily  performed  on  the  small  scale, 
^nd  forms  a  good  illustration  of  the  characteristic  feature  of  the 
art  of  dyeing — namely,  the  introduction  of  soluble  colouring- 
matter  into  a  fabric  by  permeation  of  the  walls  of  its  cellular  and 
vascular  tissue,  and  the  imprisonment  of  that  colouring-matter 
by  conversion  into  a  solid  and  insoluble  form  (vide  also  p.  146). 
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Pure  indigo,  or  indigotin,  may  be  obtained  in  beautiful  needles 
by  spreading  a  paste  of  indigo  and  plaster  of  Paris  on  a  tin  plate, 
and  when  dry  placing  a  lamp  underneath,  moving  the  latter  from 
place  to  place  as  the  indigo  sublimes  and  condenses  on  the  sur- 
face of  the  plaster.  It  may  also  be  obtained  in  crystals  by 
gently  boiling  finely  powdered  indigo  with  aniline,  filtering  while 
hot,  and  setting  aside ;  these  crystals  may  be  washed  with  alcohol. 
Hot  paraffin  may  be  employed  instead  of  aniline.  It  is  possible 
to  obtain  indigotin  artificially. 

Distinction  betiueen  nitric  acid  and  other  nitrates. — Presence  of 
the  nitric  radical  in  a  solution  having  been  proved  by  the  above 
reactions,  its  occurrence  as  the  nitrate  of  a  metal  is  demonstrated 
by  the  neutral,  or  nearly  neutral,  deportment  of  the  liquid  with 
test-paper  and  the  detection  of  the  metal — its  occurrence  as  nitric 
acid  by  the  sourness  of  the  liquid  to  the  taste  and  the  eiferves- 
cence  produced  on  the  addition  of  a  carbonate. 

Antidote. — In  cases  of  poisoning  by  strong  nitric  acid,  solution 
of  carbonate  of  sodium  (common  washing  soda)  or  a  mixture  of 
magnesia  and  water  may  be  administered  as  antidotes. 


QUESTION'S  AND  EXEECISES. 

442.  Trace  the  origin  of  nitrates. 

443.  In  what  does  cubic  nitre  differ,  chemically,  from  prismatic 
nitre  ? 

444.  Describe  a  process  by  which  nitrate  of  potassium  may  be 
obtained  artificially. 

445.  State  the  difference  between  nitrate  of  potassium,  nitre, 
saltpetre,  and  sal  prunella. 

446.  What  group  of  elements  is  characteristic  of  all  nitrates  ? 
and  what  claim  has  this  group  to  the  title  of  radical  ? 

447.  Mention  the  usual  theory  regarding  the  manner  in  which 
atoms  are  arranged  in  reference  to  each  other  in  such  salts  as 
nitrate  of  potassium. 

448.  How  is  the  official  Nitric  Acid  prepared  ? 

449.  Give  the  properties  of  nitric  acid. 

450.  What  reactions  occur  when  strong  nitric  and  hydrochloric 
acids  are  mixed  ? 

451.  How  is  nitric  oxide  prepared? 

452.  Enumerate  and  explain  the  tests  for  nitrates. 

453.  Into  what  substances  does  nitric  acid  usually  split  when 
employed  as  an  oxidizing  agent  ? 
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454.  How  is  nitrons  oxide  prepared  ? 

455.  Ennmerate  the  five  oxides  of  nitrogen. 

456.  What  is  the  natnre  of  gunpowder  ? 

457.  "Write  a  few  sentences  on  the  chemistry  of  indigo,  one  of 
the  tests  for  nitric  acid. 

458.  How  is  nitric  acid  distinguished  from  other  nitrates  ? 

459.  What  quantity  of  cubic  nitre  will  be  required  to  produce 
ten  carboys  of  official  nitric  acid,  each  containing  114  pounds  ? — 
Ans.  1076f  pounds. 


CHLOEic  ACID  a:^d  OTEEE  CHLOHATES. 

Formula  of  Chloric  Acid  HClOg.    Molecular  weight  84'5. 
Chlorates  are  made  from  hypochlorites. 

HypocMorous  Acid  (HCIO)  and  other  Hypochlorites. 

Place  a  few  grains  of  red  oxide  of  mercury  in  a  test-tube,  half- 
fill  the  tube  with  chlorine -water  and  well  shake  the  mixture ; 
the  resulting  liquid  is  a  solution  of  hypochlorous  acid,  mercuric 
oxy chloride  remaining  undissolved : — 

2HgO  -1-  2C1,  +  H,0  =  2HC10  +  Hg.OCl^. 
By  the  metathesis  (double  decomposition)  of  hypochlorous  acid 
and  oxides  or  hydrates,  other  pure  hypochlorites  are  formed : — 

HCIO  +  I^aHO  =  mClO  +  H^. 

The  direct  action  of  chlorine  on  metallic  hydrates  and  some  carbo- 
nates is  supposed  to  give  a  compound  of  chloride  and  hypochlorite, 
as  described  in  connexion  with  the  synthetical  reactions  of  Sodium 
(page  84,  Liquor  Sodce  Chloratce,  B.  P.)  and,  especially,  calcium 
(page  116,  Caloc  cJilorata,  B.  P.). 

CI,  +  2I^aH0  =  JSTaCl,  KaClO    +  H,0; 
2C1,  +  2CaH,0,=  CaCl„  Ca2C10  -h2H,0. 
The  condition  of  the  chlorine  in  these  bodies  is  not  satisfactorily 
made  out ;  so  that  their  constitution  is  not  definitively  deter- 
mined.   The  action  of  acids  on  them  results  in  the  evolution  of 
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chlorine  ;  hence  the  great  value  of  the  calcium  compound  (chlo- 
rinated lime,  or  chloride  of  lime)  in  bleaching- operations  : — 
CaCl„  Ca2C10  +  2H^S0,  =  2Cl,  +  2CaS0,  +  2Hp. 
The  solubility  of  hypochlorites  in  water,  their  peculiar  odour, 
greatly  intensified  on  the  addition  of  acid,  and  their  bleaching- 
powers  (see  the  above  calcium  reaction)  are  the  characters  on 
which  to  rely  in  searching  for  hypochlorites. 

Chlorates. 

The  group  of  elementary  atoms  represented  by  the  formula 
CIO3  is  that  characteristic  of  chloric  acid  and  all  other  chlorates  ; 
hence  it  is  expedient  to  regard  it  as  being  an  acidulous  radical, 
which  may  be  termed  the  chloric  radical.  Like  the  nitric  radical, 
it  has  not  been  isolated.  Chloric  anhydride  (Cl^O^),  unlike  nitric 
anhydride,  has  not  yet  been  obtained  in  the  free  condition. 

Chlorates  are  artificial  salts.  They  are  formed  by  simply  boiling 
aqueous  solutions  of  the  common  bleaching  salts  (chlorinated 
lime,  chlorinated  soda,  chlorinated  potash).    Heat  thus  converts 

3(^TaCl,  mClO)    I  .      r    KaC103    1         r  SIsFaCl 

Chlorinated  soda.         f  i^^^O  \       Chlorate        f  and  \     Chloride  of 


of  sodium.  J  [  sodium. 

3(KC1,  KCIO)     I  .      r     KCIO3  I  r  5KC1 

Chlorinated             f  ^^^^  ]       Chlorate  f  ^ud  j  Chloride  of 

potash.                J            I    of  potassium.  J  [  potassium. 


3(CaCl,,  Ca2C10)  1  .      f  Ca2ClO^ 

Chlorinated  (  ^^^^  ]       Chlorate        !'  ^ud 

lime.  J  I     of  calcium. 


5CaCl, 

Chloride  of 
calcium. 


One  chlorate  may  also  be  made  from  another  by  double  decompo- 
sition. In  making  chlorates  economically  the  chlorinated  salt  is 
specially  prepared  for,  often  in  the  same  vessel  as,  the  chlorate. 

Chlorate  of  Potassium. 

Thus  Chlorate  of  Potassium  (Potassce  CMoras,  B.  P.)  is  com- 
mercially made  by  saturating  with  chlorine  gas  a  moistened 
mixture  of  3  parts  of  chloride  of  potassium  and  10  of  slaked 
lime,  and  well  boihng  the  product.  Chlorinated  lime  is  first 
formed ;  this,  on  boiling  with  water,  splits  up  into  chloride  of 
calcium  and  chlorate  of  calcium  ;  and  the  latter  reacting  on 
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the  chloride  of  potassium  yields  chloride  of  calcium  and  chlorate 
of  potassium. 

6(Ca2HO)    +    6C1,    =    3(CaCl^,  Ca2C10)    +  6Rfi; 
3(CaCl,,  Ca2C10)    =    Ca2C103    +    oCaCl, ; 
Ca2C103    +    2KC1    =    CaCl^    +  2KCIO3. 
The  operation  may  be  conducted  on  a  small  scale  by  rubbing  to- 
gether in  a  mortar  the  above  proportions  of  ingredients  in  ounces 
or  half  ounces,  adding  enough  water  to  make  the  whole  assume 
the  character  of  damp  lumps,  placing  the  porous  mass  in  a  funnel 
(loosely  plugged  with  stones  or  pieces  of  glass)  and  passing 
chlorine  gas  (p.  18)  up  through  the  neck  of  the  funnel.  When 
the  whole  mass  has  become  of  a  slight  pink  tint  (due  to  a  trace 
of  permanganate)  it  should  be  turned  into  a  dish,  well  boiled  with 
water,  filtered,  the  filtrate  evaporated  if  necessary,  and  set  aside  ; 
the  chlorate  of  potassium  crystallizes  out  in  colourless  rhomboidal 
plates,  chloride  of  calcium  remaining  in  the  mother-liquor. 

In  the  official  process,  carbonate  of  potassium  instead  of 
chloride  is  used  ;  but  otherwise  it  is  similar  to  the  method  just 
described.  Chlorinated  potash  and  chlorinated  lime  are  first 
formed — 

K,C03  +  Ca2H:0  +  CI,  =  KCl,  KCIO  +  CaCOg  +  H,0, 

6(Ca2HO)  +  6C1,  =  3(CaCl,,  Ca2C10)  +  611,0; 
these  on  boiling  with  water  split  up  into  chlorates  and  chlorides — 
3(XC1,  KCIO)       =  KCIO3     +  5KC1 
3(CaCl„  Ca2C10)  =  Ca2C103  +  oCaCl,, 

the  whole  of  the  chloride  of  potassium  and  chlorate  of  calcium 
finally  yielding  chlorate  of  potassium  and  chloride  of  calcium, 

2KC1  +  Ca2C103  =  CaCl,  +  2KCIO3. 

ISTeglecting  intermediate  decompositions,  the  reactions  may  be  re- 
presented by  the  following  equation  : — 

6C1,  +  K,C03  +   6CaH,0,  =  2KCIO3  +  CaC03  + 

Chlorine.       Carbonate  of         Hydrate  of  Chlorate  of        Carbonate  of 

potassium.  calcium.  potassium.  calcium. 

5CaCl,    +  6Hp 

Chloride  of  Water, 
calcium. 
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Chlorate  of  potassium  is  soluble  in  water  to  the  extent  of 
6  or  7  parts  in  100  at  common  temperatures.  It  is  usually 
administered  medicinally  in  aqueous  solution,  sometimes  also  in 
lozenges  (Trochisci  Potassce  Chloratis,  B.  P.).  Chlorate  of  potas- 
sium must,  on  no  account,  be  rubbed  with  sulphur  in  a  mortar 
or  otherwise,  friction  of  such  a  mixture  resulting  in  violent 
explosion. 

Chlorate  of  potassium,  when  heated,  yields  chloride  of  potas- 
sium and  oxygen,  and  is  the  salt  commonly  employed  in  the 
preparation  of  the  gas  for  experimental  purposes.  But  if  the 
action  be  arrested  when  one  third  of  the  oxygen  has  escaped, 
the  residual  salt  is  found  to  contain  perchlorate  of  potassium 
(KCIO  J 

2XCIO3    =    KCIO,    4-    I^Cl    4-  0,. 

Perchloric  Acid  (HCIO^).  —  Crude  perchlorate  of  potassium, 
obtained  as  just  indicated,  is  boiled  (in  a  fume-cupboard)  with 
hydrochloric  acid  to  decompose  any  chlorate  that  may  be  re- 
maining, and  then  separated  from  chloride  by  washing  and  crys- 
tallization, chloride  being  far  more  soluble  in  water  than  the 
perchlorate.  Perchloric  acid  is  then  obtained  by  distilling  per- 
chlorate of  potassium  with  sulphuric  acid  ;  it  is  quite  stable,  and 
is  occasionally  administered  in  medicine. 

Chloric  acid  (HCIO^)  may  be  isolated,  but  is  unstable,  quickly 
decomposing  into  chlorine,  oxygen,  and  perchloric  acid ;  some 
other  chlorate  (e.g,  KCIO3)  must  therefore  be  used  in  studying 
the  reactions  of  the  chloric  radical. 

Tahle  of  the  Chlorine  Acids. 


Hydrochloric  acid    HCl. 

Hypo  chlorous  acid   HCIO. 

Chlorous  acid   HCIO^. 

Chloric  acid    HCIO3. 

Perchloric  acid   ,  . .  HCIO^. 


The  chloric  radical  is  univalent  (CIO3').  The  acidulous  radicals 
of  the  other  chlorine  acids  are  also  univalent,  as  indicated  in  the 
foregoing  formulae. 

Analytical  Reactions  (Tests), 
First  Analytical  Reaction. — To  solution  of  a  chlorate  (e.g, 
chlorate  of  potassium)  add  solution  of  nitrate  of  silver ;  no  pre- 
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cipitate  falls,  showing  that  the  chlorine  must  be  performing-  dif- 
ferent functions  from  those  it  possesses  in  chlorides.  Evaporate 
the  solution  to  dryness,  and  place  the  residue  in  a  small  dry  test- 
tube,  or  at  once  drop  a  fragment  of  a  chlorate  into  a  test-tube, 
and  heat  strongly ;  oxygen  is  evolved,  and  may  be  recognized  by 
its  power  of  reinflaming  an  incandescent  match  inserted  in  the 
tube.  Boil  the  residue  with  water,  and  again  add  solution  of 
nitrate  of  silver ;  a  white  precipitate  falls,  having  all  the  cha- 
racters of  chloride  of  silver,  as  described  under  hydrochloric 
acid. 

This  is  a  trustworthy  test,  and,  even  omitting  the  recognition  of 
the  oxygen,  may  be  applied  in  the  detection  of  small  quantities  of 
chlorates. 

Second  Analytical  Beaction. — To  a  fragment  of  a  chlorate  add 
two  or  three  drops  of  strong  sulphuric  acid ;  an  explosive  gas 
(Cl^O^)  is  evolved,  somewhat  resembling  chlorine  in  odour,  but 
possessing  a  deeper  colour  than  that  element. 

3KCIO3  +  H^SO,  =  Cl^O^  +  XCIO,  -h  K^SO,  +  H,0. 

Warm  the  upper  part  of  the  test-tube  to  150°  or  200°  F.,  or  in- 
troduce a  hot  wire ;  a  sharp  explosion  ensues,  due  to  decomposi- 
tion of  the  gas,  peroxide  of  chlorine,  into  its  elements. 

Third  Analytical  Reaction. — Heat  a  small  fragment  of  a 
chlorate  with  hydrochloric  acid ;  a  yellowish-green  explosive 
gas,  termed  euchlorine,  is  evolved.  Its  colour  is  deeper  than 
that  of  chlorine,  hence  the  name  (from  ev,  eu,  well,  and 
xXwpos,  chldros,  green).  In  odour  it  resembles  chlorine,  and  is 
probably  a  mixture  of  that  element  with  one  of  the  oxides  of 
chlorine. 

Fourth  Analytical  Beaction. — Direct  the  blowpipe-flame  on  to 
charcoal  until  a  spot  is  red-hot,  and  then  place  on  the  spot  a 
fragment  of  a  chlorat-e ;  deflagration  ensues  as  with  nitrates. 


BROMATES,,  lODATES. 


329 


Bromates. 

Bromates  are  salts  closely  resembling  chlorates  and  iodates. 
The  formula  of  Eromic  Acid  is  HBrOg. 

Iodates. 

Iodic  Acid  (HIO3). — Iodine  is  boiled  in  a  flask  with  five  times 
its  weight  of  the  strongest  nitric  acid  (sp.  gr.  1*5),  in  a  fame- 
cupboard,  until  all  action  ceases.  On  cooling,  iodic  acid  separates 
in  small  pyramidal  crystals.  These  are  removed,  the  residual 
liquid  evaporated  to  dryness  to  remove  excess  of  nitric  acid,  the 
residue  and  the  first  crop  dissolved  in  a  small  quantity  of  boiling 
water  and  the  solution  set  aside  to  crystallize. 

lodate  of  Potassium  (KIO3) . — Powder  together  equal  weights 
of  iodine  and  chlorate  of  potassium ;  to  the  mixture  add  twice  its 
weight  of  water  and  about  one  eighth  of  its  weight  of  nitric 
acid ;  warm  the  whole  until  iodine  disappears,  and  evaporate 
quite  to  dryness  over  a  water-bath.  The  residue  dissolved  in 
water  forms  "  Solution  of  lodate  of  Potash,"  B.  P.  It  contains  a 
little  nitrate  of  potassium. 

In  this  reaction  the  small  quantity  of  nitric  acid  furnishes  cor- 
responding amounts  of  nitrate  of  potassium  and  chloric  acid. 
The  chloric  acid  with  iodine  gives  iodic  acid  and  chlorine,  thus  : — 

2IICIO3    +    I2    =    ^HI03    +  CI,. 

The  iodic  acid  and  some  chlorate  of  potassium  then  yield  chloric 
acid  and  iodate  of  potassium, 

HIO3    4-    KCIO3    =    IICIO3    -h  KIO3; 

and  the  two  reactions  alternate  until  the  whole  of  the  iodine  has 
displaced  the  whole  of  the  chlorine. 

lodate  of  potassium,  and  sulphurous  acid  decompose  each  other 
with  elimination  of  iodine  (or  with  formation  of  a  blue  colour,  if 
starch  be  present).  Sulphurous  acid  occurring  as  an  impurity  in 
acetic  and  other  acids  may  thus  be  detected. 

2KIO3  +  5H,S03  =  1,-1-  3H,S0,  H-  2KHS0,  +  H,0. 

Ferric  lodate,  or  rather  Oxyiodate  (^0,04103,  SH^O),  is  preci- 
pitated on  adding  solution  of  ferric  chloride  to  solution  of  iodate 
of  potassium. 
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QIJESTIO]N'S  AIsTD  EXEECISES. 

460.  How  may  hypoehlorous  acid  be  formed  ? 

461.  What  are  the  relations  of  hypochlorous  acid  to  common 
bleaching-powder  ? 

462.  By  what  reaction  is  chlorine  eliminated  from  hypochlo- 
rites ? 

463.  State  the  general  reaction  by  which  chlorates  are  formed. 

464.  Give  details  of  the  preparation  of  chlorate  of  potassium. 

465.  Mention  the  properties  of  chlorate  of  potassium. 

466.  What  decompositions  occur  when  chlorate  of  potassium 
is  heated  ? 

467.  Eind  the  molecular  weight  of  chlorate  of  potassium. 

468.  What  weight  of  oxygen  is  yielded  when  1  oz.  of  chlorate 
of  potassium  is  completely  decomposed  ?  and  how  much  chloride 
of  potassium  remains  ? 

469.  One  hundred  cubic  inches  of  oxygen,  at  60°  E.  and  baro- 
meter at  30  inches,  weighing  34*203  grains,  and  1  gallon  con- 
taining 2771  cubic  inches,  what  weight  of  chlorate  of  potassium 
will  be  required  to  yield  10  gallons  of  the  gas  ? — Ans.  5|  oz. 

470.  How  many  cubic  inches  of  oxygen  are  producible  from 
1  oz.  of  chlorate  of  potassium  ? 

471.  Calculate  the  weight  of  chlorate  of  potassium  theoreti- 
cally obtainable  from  100  parts  of  chloride. 

472.  How  is  perchloric  acid  prepared? 

473.  Enumerate  the  chlorine  acids. 

474.  How  may  the  presence  of  chlorides  in  chlorates  be 
demonstrated  ? 

475.  Mention  the  tests  for  chlorates. 

476.  Give  the  formula  of  peroxide  of  chlorine. 

477.  What  is  euchlorine  ? 

478.  How  may  iodic  acid  be  made  ? 

479.  Describe  the  preparation  of  iodate  of  potassium. 

ACETIC  ACID  AND  OTHEE  ACETATES. 

Formula  of  Acetic  Acid  HC^HgO^,  or  HA.   Molecular  weight  60. 

Source. — Acetic  acid  is  said  to  occur  naturally  in  certain  plant- 
juices  and  animal  fluids  in  minute  proportions,  but  otherwise  is 
an  artificial  product.  Much  is  furnished  by  the  destructive  dis- 
tillation of  wood ;  hence  the  term  pyroligneous  acid  for  the  crude 
product,  a  hybrid  word  from  irvp,  pur^  fire,  and  lignum,  wood. 
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This  impure  product  neutralized  by  carbonate  of  sodium,  the 
whole  evaporated  and  the  residue  gently  heated  to  drive  off  vola- 
tile tarry  matters,  gives  acetate  of  sodium,  which  after  recrystal- 
lization  furnishes  by  distillation  with  oil  of  vitriol  and  water 
acetic  acid  in  a  fair  state  of  purity.  In  Germany  and  France 
large  quantities  of  acetic  acid  are  made  by  the  spontaneous  oxi- 
dation of  the  alcohol  in  inferior  wines,  hence  the  luhite-  and  red- 
wine  vinegar  (vinegar,  from  the  French  vin,  wine,  and  aigre,  sour). 
In  England  also  the  domestic  form  of  acetic  acid  (brown  vinegar) 
has  a  similar  origin  :  infusion  of  malt  and  unmalted  grain  is 
fermented ;  and  the  resulting  oxidation  of  its  sugar,  instead  of 
being  arrested  when  the  product  is  an  alcoholic  liquid,  a  sort  of 
beer,  is  allowed  to  go  on  to  the  next  stage,  acetic  acid ;  it  usually 
contains  from  3  to  6  per  cent,  of  real  acetic  acid  (HC^HgO^). 

Vinegars. — The  official  vinegar  (Acetum,  B.  P.)  contains  5|  (5*4) 
per  cent,  of  acid.  The  so-called  Vinegar  of  Cantharides  (Acetum 
Cantharidis,  B.  P.)  is  a  solution  of  the  active  principle  of  can- 
tharides in  very  strong  acetic  acid,  not  in  vinegar.  The  Yinegar 
of  Squill  (^Acetum  Scillce,  B.  P.)  is  also  a  solution  of  the  active 
principle  of  squill  in  dilute  acetic  acid,  not  in  true  vinegar.  In 
the  Pharmacopoeia,  vinegar,  except  its  use  for  its  own  sake,  is 
only  employed  in  the  preparation  of  Emplastrum  Oerati  Saponis. 

The  Acetic  Radical. — The  group  of  elements  represented  by 
the  formula  C^HgO^  is  that  characteristic  of  acetic  acid  and  other 
acetates,  and  may,  for  convenience  of  study,  be  assumed  to  be 
an  acidulous  univalent  radical.  It  has  not  been  isolated,  unless, 
indeed,  a  compound  of  similar  composition,  resulting  from  the 
action  of  peroxide  of  barium  on  acetic  anhydride,  is  the  radical 
in  question. 

Acetyl. — The  characteristic  grouping  in  acetates  (C^HgO^)  is 
frequently  considered  to  contain,  rather  than  to  be,  a  radical — 
the  radical  C2II3O,  termed  acetyl.  Acetates  may  be  made  to  yield 
a  body  having  the  composition  C^HgOCl,  which  is  regarded  as 
chloride  of  acetyl ;  from  this  may  be  obtained  acetic  anhydride 
(C^HgOg),  which  by  absorbing  water  becomes  acetic  acid. 

'  ci|      cXor  M'I^ 

Chloride  of  Acetic  Acetic  acid.  Metallic 

acetyl.  anhydride,  acetates. 

The  relation  of  acetic  acid  to  alcohol  will  be  evident  from  the 
following  equation  representing,  empirically,  the  formation  of  the 
acid : — 
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C,H,0  +  0,  =  GJIfi,  +  up 

Alcohol.  Acetic  acid. 

Acetates  in  aqueous  solution  are  liable  to  decomposition.  In 
solution  of  acetate  of  morphia  a  myceloid  growth  occasionally 
forms,  acetic  acid  disappears,  and  morphia  is  deposited.  Solu- 
tion of  acetate  of  ammonium  is  liable  to  a  similar  change,  gradu- 
ally becoming  alkaline. 

Synthetical  Beactior}, 
Acetic  Acid. 

To  a  few  grains  of  acetate  of  sodium  in  a  test-tube  add  a  little 
water  and  some  sulphuric  acid,  and  heat  the  mixture ;  acetic 
acid  is  evolved,  and  may  be  condensed  by  a  bent  tube  adapted  to 
the  test-tube  by  a  cork  in  the  usual  way. 

Acetic  Acid. — This  is  the  process  by  which  acetate  of  sodium 
or  calcium  (the  neutralized  products  of  the  distillation  of  wood) 
is  made  to  yield  acetic  acid  on  the  large  scale.  As  with  nitric 
and  hydrochloric  acids,  the  loose  term  "  acetic  acid "  is  that 
usually  applied  to  aqueous  solutions  of  acetic  acid.  The  Acidum 
Aceticum,  B.  P.,  contains  nearly  33  per  cent,  of  real  acid,  that 
is,  of  HC2H3O2 ;  for  it  contains  only  28  per  cent,  of  acetic  anhy- 
dride (C^HgOg) — still  occasionally,  though  somewhat  obscurely, 
termed  anhydrous  acetic  acid,  Acidum  Aceticum  Dilutum,  B.  P., 
contains  about  4^  per  cent,  of  HC^H^O^.  Glacial  acetic  acid 
(HC^HgO^)  contains  no  water.  It  solidifies  to  a  crystalline  mass 
at  temperatures  below  63°  P.,  hence  the  appellation  glacial  (from 
glades,  ice).  Good  commercial  glacial  acetic  acid  {Acidum  Ace- 
ticum Glaciale,  B.  P.)  does  not  contain  more  than  1  per  cent,  of 
water,  corresponding  to  84-15  per  cent,  of  acetic  anhydride ;  it 
solidifies  at  34°  T.,  and  again  liquefies  at  48° :  its  specific  gravity 
is  1*065.  Although  water  is  lighter  than  this  acetic  acid,  yet  the 
addition  of  water  at  first  renders  the  acid  heavier ;  evidently 
therefore  condensation,  or  contraction  in  bulk,  occurs  on  mixing 
the  liquids  :  after  10  per  cent,  has  been  added,  the  addition  of 
more  water  produces  the  usual  effect  of  dilution  of  a  heavy  liquid 
by  a  lighter — namely,  reduction  of  relative  weight.  This  matter 
will  be  better  understood  after  the  subject  of  specific  gravity  has 
been  studied. 

The  following  equation  is  expressive  of  the  above  reaction  : — 
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Acetate  of  Sulphuric  Acetic  acid.  Acid  sulphate 

sodium.  acid.  of  sodium. 

or,  assuming  the  existence  of  acetyl  (CJI.fi)  in  acetic  acid,  and  a 
corresponding  radical  sulplinryl  (BO^)  in  sulphuric  acid, 

jN-aJ^    +    HJ^^-         HJ^+  NaHJ^^' 

or,  thirdly,  on  the  assumption  that  salts  contain  the  oxide  of  a 
basylous  radical  united  with  the  anhydride  of  an  acid  (the  old 
view  under  which  such  names  as  acetate  of  soda  were  formed), 

Na,0,  CAO3  +  2H,0,  SO3  =  Na,0,  H,0,  2SO3  +  H,0,  G.^fi,. 

Note  on  the  Comtitution  of  Salts, 

Which  of  these  three  equations,  or,  more  broadly,  which  of  the 
three  views  of  the  constitution  of  salts  illustrated  by  the  equa- 
tions, is  correct,  it  is  impossible  to  say.  Whether  it  is  CJIfi.^, 
C^HgO,  or  C^HgOg  which  migrates  from  one  acetic  compound  to 
another,  whether  it  is  SO^,  HO,,  or  SO3  which  migrates  from  one 
sulphuric  compound  to  another,  and  so  on  with  other  acidulous 
groupings,  cannot  at  present  be  determined.  There  are  strong 
objections  to  each  view  ;  and  possibly  neither  is  right.  Either 
the  given  radicals  cannot  be  isolated ;  or  application  of  the  forces 
of  heat,  light,  and  electricity  do  not  confirm  views  arrived  at  by 
the  results  of  operations  with  the  chemical  force ;  or  a  salt  comes 
to  be  regarded  as  having  so  large  a  number  of  constituent  parts 
that  the  view,  however  true,  breaks  down  in  practice  from  the 
sheer  inability  of  the  mind  to  grasp  the  complicated  analogies 
involved.  Yet  for  the  purposes  of  description,  study,  and  con- 
versation some  system  must  be  adopted.  Let  the  first,  then,  be 
generally  taken,  over-reliance  on  it  being  checked  by  the  use  of 
general  instead  of  special  names  for  the  hypothetical  radicals,  and 
other  systems  be  employed  in  certain  cases.    (See  also  p.  316.) 

Impurity. — Acetic  acid  often  contains  sulphurous  acid.  The 
methods  by  which  this  impurity  is  detected  are  described  on 
pages  329  and  342. 

Analytical  Reactions  (Tests), 

First  Analytical  Reaction. — To  an  acetate  add  sulphuric  acid 
and  heat  the  mixture ;  acetic  acid,  recognized  by  its  odour,  is 
evolved. 
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Note  1. — Iodine,  sulphurous  acid,  and  other  substances  of 
powerful  odour  mask  that  of  acetic  acid ;  they  must  be  removed, 
therefore,  usually  by  precipitation  or  oxidation,  before  applying 
this  test. 

Note  2. — It  will  be  noticed  that  this  reaction  is  identical  with 
the  previous  one  ;  it  has  synthetical  or  analytical  interest, 
according  to  the  object  and  method  of  its  performance. 

Second  Analytical  Reaction, — Eepeat  the  above  action,  a  few 
drops  of  spirit  of  wine  being  first  added  to  the  acetate ;  acetic 
ether  (acetate  of  ethyl,  Q^SdJifi^,  also  of  characteristic  odour, 
is  evolved. 

The  basylous  radical  ethyl  (C^Hg)  will  be  referred  to  subse- 
quently. 

Third  Analytical  Reaction, — Heat  a  fragment  of  a  dry  acetate 
in  a  test-tube,  and  again  notice  the  odour  of  the  gaseous  products 
of  the  decomposition ;  among  them  is  acetone  (CgllgO),  the  smell 
of  which  is  characteristic.  Carbonate  of  the  metal  remains  in 
the  test-tube. 

Fourth  Analytical  Reaction. — To  a  solution  of  an  acetate,  made 
neutral  by  the  addition  of  acid  or  alkali,  as  the  case  may  be,  add 
a  few  drops  of  neutral  solution  of  perchloride  of  iron ;  a  deep- 
red  liquid  results,  owing  to  the  formation  of  ferric  acetate 

Analytical  Note. — It  will  be  noticed  that  the  formation  of 
characteristic  precipitates,  the  usual  method  of  removing  radicals 
from  solution  for  recognition,  is  not  carried  out  in  the  qualitative 
analysis  of  acetates.  This  is  because  all  acetates  are  soluble. 
Acetate  of  silver  (AgC^HgO^)  and  mercurous  acetate  (IIgC2H302) 
are  only  sparingly  soluble  in  cold  water,  but  the  fact  can  seldom 
be  utilized  in  analysis.  Hence  peculiarities  of  colour  and  odour, 
the  next  best  characters  on  which  to  rely,  are  adopted  as  means 
by  which  acetates  may  be  detected.  Acetates,  like  other  organic 
compounds,  char  when  heated  to  a  high  temperature. 

Note  on  Anhydrides. — Up  to  this  point  the  student  has  re- 
garded an  anhydride  as  a  body  derived  from  an  acid  by  removal 
of  the  whole  of  the  hydrogen  of  the  acid,  together  with  as  much 
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of  its  oxygen  as  with  the  hydrogen  forms  water.  This  definition 
will  scarcely  apply  to  acetic  anhydride,  and  must  therefore  be 
somewhat  qualified.  An  anJiydride  is  derived  from  an  acid,  the 
acid  having  lost  the  whole  of  its  hasylous  hydrogen  and  so  much 
oxygen  as  is  necessary  to  form  water  with  that  hydrogen. 
Anhydrides  are  obtained  by  heating  acids,  and  by  other  methods. 


aUESTIONS  AT^D  EXEECISES. 

480.  What  is  the  formula  of  acetic  acid  ? 

481.  State  the  relation  of  acetic  acid  to  other  acetates. 

482.  What  is  the  molecular  weight  of  acetic  acid  ? 

483.  I^ame  the  sources  of  acetic  acid. 

484.  What  is  pyroligneous  acid  ? 

485.  Erom  what  compound  is  the  acetic  acid  of  foreign  and 
English  vinegar  immediately  derived  ? 

486.  How  much  real  acid  is  contained  in  official  vinegar  ? 

487.  What  is  the  nature  of  the    Vinegars  "  of  Pharmacy  ? 

488.  How  may  acetic  acid  be  obtained  from  acetate  of  sodium? 

489.  How  much  real  acid  is  contained  in  the  official  acetic 
acid? 

490.  Mention  the  strength  of  commercial  glacial  acetic  acid. 

491.  Give  three  or  more  views  of  the  constitution  of  acetates, 
illustrating  each  by  formulae. 

492.  Enumerate  the  tests  for  acetates. 


HYDEOSULPHUmC  ACID  AEJ)  OTHER  SULPHIDES. 

Eormula  of  Hydrosulphuric  Acid  H^S.    Molecular  weight  34. 

Source  and  Varieties  of  Sulphur, — The  acidulous  radical  of 
JiydrosulpJiuric  acid,  sulphydric  acid,  or  sulphuretted  hydrogen 
and  other  sulphides,  is  the  element  sulphur  (S).  It  occurs  in 
nature  in  combination  with  metals,  as  already  stated  in  describing 
the  ores  of  some  of  the  metals,  and  also  in  the  free  state.  Most 
of  the  sulphur  used  in  medicine  is  imported  from  Sicily,  where  it 
occurs  chiefly  associated  with  blue  clay.  It  is  purified  by  fusion, 
sublimation,  or  distillation.  Melted  and  poured  into  moulds,  it 
constitutes  a  crystalline  mass  termed  roll  sulphur.  If  distilled 
and  the  vapour  carried  into  large  chambers,  so  that  it  may  be 
rapidly  condensed,  the  crystals  are  so  minute  as  to  give  the  sul- 
phur a  pulverulent  character ;  this  is  sublimed  sulphur  (^Sulphur 
Suhlimatum,  B.  P.),  or  flowers  of  sulphur ;  the  same  washed 
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constitutes  Sulphur  Lotum,  TJ.  S.  P.  The  third  common  form, 
milk  of  sulphur,  will  be  noticed  subsequently.  Sulphur  also 
occurs  in  nature  in  combination  as  a  constituent  of  animal 
and  vegetable  tissues,  as  sulphurous  acid  gas  (SO^)  in  volcanic 
vapours,  and  as  sulphuretted  hydrogen  in  some  waters,  as  those 
of  Harrogate.  Plastic  sulphur  is  one  of  the  alio  tropic  varieties 
of  the  element,  obtained  on  heating  sulphur  considerably  beyond 
its  melting-point,  and  pouring  into  cold  water. 

Quantivalence. — Sulphur  is  sexivalent,  as  seen  in  sulphuric 
anhydride  (SO3),  a  substance  which  will  be  noticed  under  sul- 
phuric acid.  It  also  occasionally  exhibits  quadrivalent  (SO^) 
and  still  oftener  bivalent  affinities  (H^S). 

Molecular  weight, — At  very  high  temperatures  sulphur  follows 
the  rule  that,  under  similar  conditions  of  heat  and  pressure,  atomic 
weights  (in  grammes,  grains,  etc.)  of  volatile  elements  occupy 
equal  volumes  of  vapour ;  its  formula  therefore  is  S^,  and  mole- 
cular weight  64.  At  lower  temperatures  the  volume  weighs 
three  times  as  much  as  it  should  do  if  following  usual  laws,  and 
then  the  molecule  would  appear  to  contain  six  atoms  (Sg). 

Acid  Salts. — Sulphur  (S")  being  the  first  acidulous  radical  of 
bivalent  activity  met  with  in  these  sections  on  acids,  it  is  desirable 
here  to  draw  attention  to  a  new  class  of  salts  to  which  such  a 
radical  will  generally  give  rise.  These  are  acid  salts,  which  are 
intermediate  between  normal  salts  and  acids.  Univalent  radicals 
with  an  atom  of  hydrogen  give  an  acid,  and  with  an  atom  of 
other  basylous  radicals  an  ordinary  or  normal  salt.  But  bivalent 
radicals,  from  the  fact  that  they  give  with  two  atoms  of  hydrogen 
an  acid,  and  with  two  atoms  of  univalent  metals  a  normal  salt, 
may  obviously  give  intermediate  bodies  containing  one  atom  of 
hydrogen  and  one  atom  of  metal ;  these  are  appropriately  termed 
acid  salts :  they  are  neither  normal  acids  nor  normal  salts,  but 
acid  salts.  (Examples :— KHCO3,  NaHSO^,  KHC^H^Og,  N'a^HPO^, 
CuHAsOg,  CaH^2P04.)  Whether  or  not  these  salts  give  an  acid 
reaction  with  blue  litmus  paper  depends  on  the  strength  of  the 
respective  radicals.  Usually  they  do  redden  the  test-paper,  but 
sometimes  not ;  thus  the  acid  sulphide  or  sulphydrate  of  potas- 
sium (KHS),  of  sodium  (IN'aHS),  or  ammonium  (AmHS)  has 
alkaline  properties*. 

Some  chemists  regard  these  sulphydrates  as  compounds  of  basylous 
radicals  with  HS,  a  univalent  grouping  termed  hydrosulphjl  (persulpliide 
of  hydrogen,  HgSg),  just  as  hydrates  are  similarly  viewed  as  compounds  of 
the  univalent  radical  hydroxyl  (HO)  (peroxide  of  hydrogen,  JlJO^), — 
becoming  HHS  or  HHs  (hydrosulphylide  of  hydrogen),  and  HgO  becoming 
HHO  or  HHo  (hydroxylide  of  hydrogen). 
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Synthetical  Reactions, 

Sulphuretted  Hydrogen. 

First  Synthetical  Reaction,  The  preparation  of  sulphuretted 
hydrogen. — This  operation  was  described  on  page  97,  and  probably 
has  already  been  studied  by  the  reader. 

Precipitated  Sulphur. 

Second  Synthetical  Reaction. — Prepare  the  variety  of  the  radical 
of  sulphides  known  as  Precipitated  Sulphur  (^Sulphur  Prceci- 
pitatum,  B.  P.),  or  Milh  of  Sulphur,  by  boiling  a  few  grains  of 
flowers  of  sulphur  (5  parts)  with  slaked  lime  (3  parts)  and  some 
water  (20  parts)  in  a  test-tube  (larger  quantities  in  an  evapo- 
rating-basin),  filtering,  and  (reserving  a  small  portion  of  the 
filtrate)  adding  dilute  hydrochloric  acid  until  the  well-stirred 
liquid  has  a  faint  acid  reaction  on  test-paper ;  sulphur  is  preci- 
pitated, and  may  be  collected  on  a  filter,  washed,  and  dried  (at 
about  120°  P.).  Excess  of  acid  must  be  avoided,  or  hydrosulphyl, 
the  liquid  persulphide  of  hydrogen  (H^S^),  will  be  formed,  causing 
the  particles  of  sulphur  to  aggregate  to  a  gummy  mass. 

This  is  the  process  of  the  Pharmacopoeia.  Polysulphide  of 
calcium  and  hyposulphite  of  calcium  are  formed : — 

3CaH^0,    +    6S,    =    2CaS,    +    CaS^g    +  3H^0 

Hydrate  of  Sulphur.       Polysulphide       Hyposulphite  Water, 

calcium.  of  calcium.  of  calcium. 

On  adding  the  acid,  both  salts  are  decomposed  and  sulphur  sepa- 
rates : — 

2CaS,    -I-    CaSPg    -|-    6HC1  =  3CaCl,  +  mfi  +  6S, 

Polysulphide  Hyposulphite  Hydrochloric  Chloride  of  Water.  Sulphur, 
of  calcium.  of  calcium.  acid.  calcium. 

Polysulphide  of  calcium  alone  would  yield  sulphuretted  hydro- 
gen as  well  as  sulphur  on  the  addition  of  acid.  Hyposulphite  of 
calcium  alone  would  yield  sulphurous  acid  gas  as  well  as  sulphur. 
Tf  these  gases  are  formed  in  the  above  operation,  they  at  once 
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react  and  give  sulphur  and  water,  very  little,  if  any,  sulphuretted 
hydrogen  escaping. 

4H,S    +    2S0,    =    3S,    +  4Hp. 

Impure  Frecipitated  Sulj}'hur,  The  old  Milk  of  Sulphur." — 
To  a  sulphur  Solution  prepared  as  before  (or  to  the  reserved 
portion)  add  a  little  dilute  sulphuric  acid ;  the  precipitate  is  in 
this  case  largely  mixed  with  sulphate  of  calcium  : — 

2CaS3  +  CaS,03  +  3H-.^S0,  =  3CaS0^  +  3H,0  +  6S, 

Polysulpliide  Hyposulphite  Sulpliuric  Sulphate  of  Water.  Sulphur, 
of  calcium.        of  calcium.  acid.  calcium. 

Place  a  little  of  each  of  these  specimens  of  precipitated  sulphur 
with  a  drop  of  the  supernatant  liquid  on  a  strip  of  glass,  cover 
each  spot  with  a  piece  of  thin  glass,  and  examine  the  precipitates 
under  a  microscope ;  the  pure  sulphur  will  be  found  to  consist  of 
minute  grains  or  globules,  the  impure  to  contain  comparatively 
large  crystals  (sulphate  of  calcium). 

Note. — Ey  far  the  larger  proportion  of  precipitated  sulphur 
met  with  in  trade  is  still,  to  the  knowledge  of  the  author,  thus 
mixed  with  sulphate  of  calcium,  most  specimens  containing  two 
thirds  of  their  weight  of  that  substance.  Moreover  the  sale 
of  this  mixture  has  been  so  persistently  continued  that  many 
persons  have  become  sufficiently  accustomed  to  the  satiny  appear- 
ance of  the  impure  article  to  regard  the  pure  article  with  suspicion, 
sometimes  refusing  to  purchase  it.  The  impure  variety  is,  cer- 
tainly, more  easily  miscible '-with  aqueous  liquids:  but,  on  the 
whole,  it  is  scarcely  worthy  of  a  prominent  place  in  the  pharmacy 
of  1875. 

Many  pharmacists  now  refuse  all  parcels  of  sulphur  which  yield 
a  white  ash  (the  anhydrous  sulphate)  when  a  little  is  burnt  off 
on  the  end  of  a  table-knife  or  spatula,  (^o  more  damage  is  done 
to  the  steel  than  a  rub  on  a  knife-board  will  remove.) 

To  ascertain,  exactly,  the  amount  of  sulphate  of  calcium  in  a 
specimen  of  impure  precipitated  sulphur,  place  a  weighed  quantity 
in  a  tared  crucible  and  heat  till  no  more  vapours  are  evolved. 
The  weight  of  the  residual  anhydrous  sulphate  of  calcium 
(CaSO^  =  136),  with  one  fourth  thereof  added,  is  the  amount  of 
crystalline  sulphate  of  calcium  (CaSO^,  21120  =  172)  present  in 
the  original  quantity  of  impure  sulphur. 
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Analytical  Eeactions  (Tests), 

To  a  siilpliide  add  a  few  drops  of  hydrochloric  acid ;  sulphu- 
retted hydrogen  will  probably  be  evolved,  well  known  by  its 
smell.  If  the  sulphide  is  not  acted  upon  by  the  acid,  or  if  free 
sulphur  be  under  examination,  mix  a  minute  portion  with  a  frag- 
ment of  solid  caustic  potash  or  soda,  and  fuse  on  a  silver  coin  or 
spoon.  "When  cold,  place  a  drop  of  dilute  hydrochloric  acid  on 
the  spot,  sulphuretted  hydrogen  is  evolved,  and  a  black  stain,  due 
to  sulphide  of  silver  (Ag^S),  left  on  the  coin. 

Other  sulphur  reactions  may  be  adopted  as  tests ;  but  the  above 
are  sufficient  for  all  ordinary  purposes.  The  most  convenient  re- 
agent for  detecting  sulphur  in  solution  of  ammonia  is  ammonio- 
sulphate  of  copper,  which  gives  a  black  precipitate  of  sulphide  of 
copper  if  sulphur  be  present. 

Th-e  Iodide  of  Sulphur  (S^I^)  has  been  mentioned  under 
"  Iodine."  A  chloride  (S^Cl^)  and  bromide  (S^Br^)  may  also  be 
formed  from  their  elements.  A  mixture  of  sulphur  and  chloride 
of  sulphur  is  sometimes  met  with  under  the  name  of  hypochJoride 
of  sulphur. 


QUESTIOJN^S  AND  EXERCISES. 

493.  In  what  forms  does  sulphur  occur  in  nature  ? 

494.  State  the  modes  of  preparation  of  the  three  chief  com- 
mercial varieties  of  sulphur. 

495.  To  what  extent  does  the  atom  of  sulphur  vary  in  quan- 
tivalence  ? 

496.  State  the  relations  of  acid  salts  to  acids  and  to  normal 
salts. 

497.  Define  sulphides  and  sulphydrates. 

498.  Describe  the  preparation  of  sulphuretted  hydrogen. 

499.  What  are  the  characters  of  pure  precipitated  sulphur  ? 

500.  Give  equations  explanatory  of  the  reactions  which  occur 
in  precipitating  sulphur  according  to  the  official  process. 

501.  Describe  the  microscopic  test  for  impure  precipitated 
sulphur. 

502.  Mention  a  ready  physical  method  of  detecting  sulphate 
of  calcium  in  precipitated  sulphur. 

0,2 
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503.  Mention  the  tests  for  snlphides,  and  the  character  by 
which  sulphuretted  hydrogen  is  distinguished  from  other  sul- 
phides. 

504.  How  are  sulphides  insoluble  in  acids  tested  for  sulphur  ? 

505.  Give  a  method  for  the  detection  of  a  trace  of  sulphur  in 
solution  of  ammonia. 


SULFHUEOUB  ACIB  AND  OTHEE  SULPHITES. 

Formula  of  sulphurous  acid  II2SO3.  Formula  of  sulphurous  acid 
gas  or  sulphurous  anhydride,  commonly  termed  sulphurous 
acid,  SOg.  Molecular  weight  of  sulphurous  acid  82  ;  of  the 
anhydride  64. 

When  sulphur  is  burnt  in  the  air  it  combines  with  oxygen  and 
forms  sulphurous  acid  gas  (SO^),  more  correctly  termed  sulphurous 
anhydride,  or  commonly,  but  erroneously,  sulphurous  acid.  It  is 
a  pungent,  colourless  gas,  readily  liquefied  on  being  passed  through 
a  tube  externally  cooled  by  a  freezing -mixture  composed  of  two 
parts  of  well-powdered  ice  (or,  better,  snow)  with  one  part  of  com- 
mon salt.  If  sulphurous  acid  gas  becomes  moist  or  is  passed  into 
water,  heat  is  evolved  and  true  sulphurous  acid  (H^SOg)  formed. 
The  latter  body  may  be  obtained  in  crystals  ;  but  it  is  very  un- 
stable, and  hence  the  properties  of  the  sulphurous  radical  must 
be  studied  under  the  form  of  some  other  sulphite ;  sulphite  of 
calcium  (CaSOg),  or  sulphite  of  sodium  (IN'a^SOg),  may  be  used  for 
the  purpose. 

Quantivalence. — The  radical  of  the  sulphites  is  bivalent  (SO3"), 
and  hence  forms  acid  sulphites,  such  as  acid  sulphite  of  potas- 
sium (KIISO3),  and  normal  sulphites,  such  as  sulphite  of  sodium 

Note  on  Nomenclature. — The  sulphites  are  so  named  from  the 
usual  rule,  that  salts  corresponding  with  acids  whose  names  end 
in  ous  have  a  name  ending  in  ite.  They  are  generally  made  by 
passing  sulphurous  acid  gas  over  moist  oxides  or  carbonates ;  in 
the  latter  case  carbonic  acid  gas  escapes. 

Synthetical  Reaction, — To  a  few  drops  of  sulphuric  acid  in  a 
test-tube  add  a  piece  of  charcoal  and  apply  heat;  sulphurous  acid 
gas  is  evolved,  and  may  be  conveyed  by  a  bent  tube  into  a  small 


SULPHITES. 


341 


quantity  of  cold  water  in  another  test-tube.  Larger  quantities 
may  be  made  in  a  Elorence  flask.  The  product  is  the  Acidum 
Sulphurosum,  B.  P.  It  is  said  to  contain,  if  saturated,  nearly  12 
(11-79)  per  cent,  of  sulphurous  acid  (H^SOg),  or  about  9  (9-2)  per 
cent,  of  the  gas  (SO2).  The  process  is  also  that  described  in  the 
Pharmacopoeia,  except  that  the  gas  is  purified  by  passing  through 
a  small  wash-bottle  before  the  final  collection. 

4H,S0,    +  =  +    411^0    +  4S0, 

Sulphuric  Carbon  Carbonic  Water.  Sulpliurous 

acid.  (charcoal).       acid  gas.  acid  gas. 

so,    +    H,0    =  H^SO, 

Sulphurous        Water.  Sulphurous 
acid  gas.  acid. 

Sulphurous  acid  gas  may  also  be  made  by  boiling  copper,  mer- 
cury, or  iron  with  sulphuric  acid,  sulphates  of  the  metal  being 
formed.    Also  by  boiling  sulphur  with  sulphuric  acid. 

If  in  this  process  the  water  were  replaced  by  solutions  of,  or 
solid,  metallic  oxides  or  carbonates,  sulphites  of  the  various  metals 
would  be  formed.  The  formula  of  Sulphite  of  Sodium  (Sodii 
Sulphis,  U.  S.  P.)  is  m^m.^,  711,0 ;  of  the  Bisulphite  l^aHSOg. 
Under  the  name  of  anticMor  the  former  is  used  for  removing 
traces  of  chlorine  from  paper  pulp.  Sulphite  of  magnesium  crys- 
tallized from  a  strong  solution  of  sulphurous  acid  in  water  has 
the  formula  MgSOg,  611,0. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction, — To  a  sulphite  (of  sodium,  for  in- 
stance,— made  by  passing  sulphurous  acid  into  solution  of  car- 
bonate of  sodium)  add  a  drop  or  two  of  dilute  hydrochloric  acid  ; 
sulphurous  acid  gas  escapes,  recognized  by  a  peculiarly  pungent 
smell. 

This  smell  is  the  same  as  that  evolved  on  burning  lucifer 
matches  that  have  been  tipped  with  sulphur.  It  is  due,  jjro- 
bably  not  to  the  gas  (SO,),  but  to  sulphurous  acid  (H^SOg) 
formed  by  the  union  of  sulphurous  acid  gas  with  either  the 
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moisture  of  the  air  or  that  on  the  surface  of  the  mucous  mem- 
brane of  the  nose.    It  is  highly  suffocating. 

Second  Analytical  Reaction, — To  a  sulphite  add  a  little  water, 
a  fragment  or  two  of  zinc,  and  then  hydrochloric  acid ;  sulphu- 
retted hydrogen  will  be  evolved,  known  by  its  putrid  odour  and 
action  on  a  piece  of  paper  placed  like  a  cap  on  the  mouth  of  the 
test-tube  and  moistened  with  a  drop  of  solution  of  acetate  of 
lead,  black  sulphide  of  lead  being  formed.  Sulphurous  acid  may 
be  detected  in  acetic  acid,  or  in  hydrochloric  acid,  by  this  test. 

H,S03  +  H3  =  H,S  +  3H^0. 

OtJier  Analytical  Reactions. 

To  solutions  of  neutral  sulphites  add  nitrate  or  chloride  of 
barium,  chloride  of  calcium,  or  nitrate  of  silver ;  in  each  case 
white  sulphites  of  the  various  metals  are  precipitated.  The 
barium  sulphite  is  soluble  in  weak  hydrochloric  acid ;  but  if  a 
drop  or  two  of  chlorine -water  is  first  added,  barium  sulphate  is 
formed,  which  is  insoluble  in  acids.  The  other  precipitates  are 
also  soluble  in  acids.  The  silver  sulphite  is  decomposed  on  boil- 
ing, sulphuric  acid  being  formed,  and  metallic  silver  set  free. 

To  recognize  the  three  radicals  in  an  aqueous  solution  of  sul- 
phides, sulphites,  and  sulphates,  add  chloride  of  barium,  filter,  and 
wash  the  precipitate.  In  the  filtrate  sulphides  are  detected  by 
the  sulphuretted  hydrogen  evolved  on  adding  an  acid.  In  the 
precipitate,  sulphites  are  detected  by  the  odour  of  sulphurous  acid 
produced  on  adding  hydrochloric  acid,  and  sulphates  by  their 
insolubility  in  the  acid. 


QUESTIONS  AND  EXERCISES. 

506.  What  are  the  differences  between  sulphurous  acid  and 
sulphurous  acid  gas,  sulphites  and  acid  sulphites  ? 

507.  State  the  characters  of  sulphurous  acid  gas. 

508.  How  is  the  official  Sulphurous  Acid  prepared  ? 
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509.  By  what  tests  may  sulphurous  acid  be  recognized  in  acetic 
acid? 

510.  Give  a  method  by  which  sulphites  may  be  detected  in 
presence  of  sulphides  and  sulphates. 


SULPHUmC  ACID  AND  OTHEE  SULPHATES. 

Formula  of  Sulphuric  Acid  H^SO^.    Molecular  weight  98. 

Sulphates  occur  in  nature ;  but  the  common  and  highly  im- 
portant hydrogen  sulphate,  sulphuric  acid,  is  made  artificially. 

Preparation  of  Suljjliuric  Acid,  General  nature  of  the  process, 
— Sulphur  itself,  or  sometimes  the  sulphur  in  iron  pyrites,  is  first 
converted  into  sulphurous  acid  gas  by  burning  in  air,  and  this 
gas,  by  moisture  and  oxygen,  into  sulphuric  acid  (SO^  +  H^O  +  0  = 
H,SO,). 

Details  of  the  process. — The  oxygen  necessary  to  oxidize  the 
sulphurous  acid  gas  cannot  directly  be  obtained  from  air,  but  in- 
directly, the  agency  of  nitric  oxide  (NO)  being  employed — this 
gas  becoming  nitric  peroxide  (J^O^)  by  action  of  the  air,  and  the 
nitric  peroxide  again  becoming  nitric  oxide  by  the  action  of  the 
sulphurous  acid  gas,  and  so  on.  A  small  quantity  of  nitric 
oxide  gas  will  in  this  way  act  as  carrier  of  oxygen  from  the  air 
to  very  large  quantities  of  sulphurous  acid. 

The  following  equations  represent  the  successive  steps : — 

+    20,    =  2S0, 

Sulphur  Oxygen  Sulphurous 

(of  the  air).         acid  gas. 

so,    +    H,0    =  H,S03 

Sulphurous  Water.  Sulphurous 

acid  gas.  acid. 

H,S03    +    NO,    =    H,SO,    +  NO 

Sulphurous  Nitric  Sulphuric  Mtrie 

acid.  peroxide.  acid.  oxide. 

2m  +  0,  =  2m^ 

ISTitric  Oxygen  Nitric 

oxide.         (of  the  air).  peroxide. 

On  the  large  scale  the  sulphurous  acid  gas  is  produced  by 
burning  sulphur  in  furnaces  ;  it  is  carried,  together  with  the 
nitric  vapours^  by  fines  into  leaden  chambers,  where  jets  of  steam 
supply  the  necessary  moisture ;  the  steam  also,  condensing,  pre- 
vents other  reactions.    The  resulting  dilute  sulphuric  acid  is 
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concentrated  by  evaporation  in  leaden,  and  finally  in  glass  or 
platinum  vessels. 

The  nitric  peroxide  is  in  the  first  instance  obtained  from  nitric 
acid,  and  this  from  nitrate  of  potassium  or  sodium  by  the  action 
of  a  small  quantity  of  the  sulphuric  acid  of  a  previous  operation. 


Sulphurous 
acid. 


Nitric 
acid. 


Sulphuric 
acid. 


Water. 


2m 

Nitric 
oxide. 


Nitrate  of 
sodium. 


Sulphuric 
acid. 


Sulx)hate  of 
sodium. 


Nitric 
acid. 


Other  processes. — Sulphuric  acid  may  be  obtained  by  other 
processes,  as  by  distilling  the  sulphate  of  iron  resulting  from  the 
natural  oxidation  of  iron  pyrites  by  air ;  but  it  is  seldom  so  made 
at  the  present  day.  The  sulphate  of  iron  was  formerly  called 
green  vitriol  (p.  150),  and  the  distilled  product  oil  of  vitriol;  the 
latter  in  allusion  to  its  consistence  and  origin. 

Pig.  39. 


Experimental  manufacture  of  Sulphuric  Acid. 

Experiment. — Por  purposes  of  practical  study  a  small  quantity 
may  be  made,  as  shown  in  fig.  39,  by  passing,  a,  sulphurous  acid 
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gas  (p.  340),  h,  nitric  oxide  in  small  quantity  (p.  320),  c,  air 
(forced  through  by  aid  of  bellows  or  a  gas-holder,  or  drawn 
through  by  a  water -aspirator,  e),  and,  occasionally,  d,  steam 
(generated  in  a  Florence  flask)  through  glass  tubes,  nearly  to  the 
bottom  of  a  two-  or  three-quart  flask. 

SO,  +  Kfi  =  'R.m,;    I   2m  +  0,  =  2m,; 

H,S03  4-  m,  =  H^SO,  -1-  1^0. 

A  slow  current  of  sulphurous  acid  gas,  air,  and  steam,  and  a 
small  quantity  of  nitric  oxide,  will  furnish,  in  the  course  of  a  few 
minutes,  enough  sulphuric  acid  for  recognition  by  the  first  of  the 
following  analytical  reactions. 

Purification. — Sulphuric  acid  may  contain  arsenic,  nitrous 
compounds,  and  salts.  Arsenic  may  be  detected  by  the  hydrogen- 
test  (p.  185),  nitrous  compounds  by  powdered  sulphate  of  iron 
(which  acquires  a  violet  tint  if  they  are  present),  and  salts  by  the 
residue  left  on  boiling  a  little  to  dryness  in  a  crucible  in  a  fume- 
chamber.  If  only  nitrous  compounds  are  present,  the  acid  may 
be  purified  by  heating  with  about  half  per  cent,  of  sulphate  of 
ammonium — water  and  nitrogen  being  produced  (Pelouze).  If 
arsenic  occurs,  boil  with  a  small  quantity  of  hydrochloric  acid, 
which  converts  the  arsenic  into  volatile  chloride  of  arsenicum ; 
or  heat  with  a  little  nitric  acid,  which  converts  arsenious  (As^^g) 
into  arsenic  anhydride  (As^O^),  then  add  sulphate  of  ammonium, 
and  distil  in  a  retort  containing  pieces  of  quartz  and  heated  by 
an  annular-shaped  burner  (to  prevent  "  bumping" — see  page  310 ). 
The  arsenic  anhydride  remains  in  the  retort.  (Arsenious  an- 
hydride would  be  carried  over  with  the  sulphuric-acid  vapours,) 
Ey  distillation  the  acid  is  purified  from  salts  (such  as  JSTaHSO^) 
which  are  not  volatile. 

Quantivalence. — The  sulphuric  radical  being  bivalent  (SO^"), 
acid  as  well  as  normal  sulphates  may  exist.  Acid  sulphate  of 
potassium  (KHSOJ  is  an  illustration  of  the  former,  sulphate  of 
sodium  (IN'a^SO^)  of  the  latter ;  double  sulphates  may  also  occur, 
such  as  that  of  potassium  and  magnesium  (K2^^4j  ^g^O^,  GH^O). 
Sulphates  generally  contain  water  of  crystallization. 

Pure  sulphuric  acid  (H^SO^)  is  of  specific  gravity  1*848.  The 
best  "  oil  of  vitriol  "  of  commerce,  a  colourless  liquid  of  oily  con- 
sistence, is  of  specific  gravity  1*843,  and  contains  96*8  per  cent, 
of  real  acid  (H^SO^).  This  is  the  Acidwn  Sulphuricum,  B.  P. 
The  Acidmn  Sulphuricum  Dilutum,  B.  P.,  sp.  gr.  1*394,  contains 
about  13|  (13-64)  per  cent,  of  acid  (H^SOJ;  and  the  Acidmn 

Qt  5 


346 


SALTS  OF  ACIDULOUS  RADICALS. 


Sidplmricum  Aromaticum^  B.  P.,  a  dilute  acid  in  which  is  dis- 
solved the  soluble  aromatic  parts  of  cinnamon  and  ginger,  also 
contains  nearly  13|  (13*36)  per  cent,  of  acid  (H^SO^).  It  has 
been  stated  that  in  this  preparation  the  acid  and  alcohol  form 
some  sulphovinic  acid,  but  the  author  has  been  unable  to  detect  the 
latter.  There  are  some  definite  compounds  of  sulphuric  acid 
with  water ;  the  first  (H^SO^,  H^O)  may  be  obtained  in  crystals. 

Sulphuric  anhydride  (SO3)  is  a  white  silky  crystalline  solid, 
having  no  acid  properties.  It  is  made  by  distilling  sulphuric  acid 
with  phosphoric  anhydride  (3H^S0^4-  P2^5=2H3PO^+3S03).  It 
appears  to  unite  with  sulphuric  acid  and  some  other  normal 
sulphates  to  form  compounds  (E'^SO^,  SO3)  resembling  in  con- 
stitution red  chromate  of  potassium.  The  fuming  sulphuric  acid 
(H^SO^,  SO3)  made  at  ISTordhausen  in  Saxony  seems  to  be  such 
a  body. 

I^ote, — Sulphuric  acid  is  a  most  valuable  compound  to  all  che- 
mists and  manufacturers  of  chemical  substances.  By  its  agency, 
direct  or  indirect,  many,  if  not  most,  chemical  transformations 
are  effected.  To  describe  all  its  uses  would  be  to  write  a  work 
on  chemistry. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction, — To  solution  of  a  sulphate  add  solu- 
tion of  a  barium  salt ;  a  white  precipitate  of  sulphate  of  barium 
(BaSOJ  falls.  Add  nitric  acid  and  boil  the  mixture,  the  preci- 
pitate does  not  dissolve. 

This  reaction  is  as  highly  characteristic  of  sulphates  as  it  has 
been  stated  to  be  of  barium  salts  {vide  page  105).  The  only  error 
likely  to  be  made  in  its  application  is  that  of  overlooking  the  fact 
that  nitrate  and  chloride  of  barium  are  less  soluble  in  strong  acid 
than  in  water.  On  adding  the  barium  salt  to  the  acid  liquid, 
therefore,  a  white  precipitate  may  be  obtained,  which  is  simply 
the  nitrate  or  chloride  of  barium.  The  appearance  of  such  a  pre- 
cipitate differs  considerably  from  that  of  the  barium  sulphate; 
hence  a  careful  operator  will  not  be  misled.  Should  any  doubt 
remain,  water  should  be  added,  which  will  dissolve  the  nitrate  or 
chloride,  but  not  affect  the  sulphate. 

Second  Analytical  Reaction. — Mix  a  fragment  of  an  insoluble 
sulphate  (BaSO^  e.  g.)  with  carbonate  of  potassium  or  of  sodium. 
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or,  better,  with  both  carbonates,  and  fuse  the  mixture  in  a  small 
crucible.  Digest  the  residue  when  cold,  in  water,  and  filter ; 
the  filtrate  may  be  tested  for  the  sulphuric  radical. 

This  is  a  convenient  method  of  qualitatively  analyzing  in- 
soluble sulphates,  such  as  those  of  barium  and  lead. 

Third  Analytical  Reaction. — Mix  a  fragment  of  an  insoluble 
sulphate  with  a  little  alkaline  carbonate  on  a  piece  of  charcoal, 
taking  care  that  some  of  the  charcoal-dust  is  included  in  the  mix- 
ture. Heat  the  little  heap  in  the  blowpipe-flame  until  it  fuses, 
and,  when  cold,  add  a  drop  of  acid ;  sulphuretted  hydrogen  is 
evolved,  recognized  by  its  odour. 

This  is  another  process  for  the  recognition  of  insoluble  sul- 
phates. Other  preparations  of  sulphur,  and  sulphur  itself,  give 
a  similar  result.  It  is  therefore  rather  a  test  for  sulphur  and  its 
compounds  than  sulphates  only ;  but  the  absence  of  other  salts 
can  generally,  if  necessary,  be  previously  determined. 


Note. — The  presence  of  the  sulphuric  radical  in  a  solution 
having  been  proved  by  the  above  reactions,  its  occurrence  as  the 
normal  sulphate  of  a  metal  is  demonstrated  by  the  neutral,  or 
nearly  neutral,  deportment  of  the  liquid  with  test-paper,  and  the 
detection  of  the  metal — its  occurrence  as  sulphuric  acid  or  an  acid 
sulphate  by  the  sourness  of  the  liquid  to  the  taste,  and  the  effer- 
vescence produced  on  the  addition  of  a  carbonate. 

Antidote. — In  cases  of  poisoning  by  strong  sulphuric  acid,  so- 
lution of  carbonate  of  sodium  (common  washing-soda),  magnesia 
and  water,  etc.  may  be  administered  as  antidotes. 


QUESTIO]N"S  AND  EXEECISES. 

511.  What  is  the  formula  of  sulphuric  acid,  and  what  its 
molecular  weight  ? 

512.  How  is  it  related  to  other  sulphates  ? 

513.  Write  a  short  article  on  the  manufacture  of  sulphuric 
acid,  giving  either  diagrams  or  equations. 
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514.  How  may  nitrous  compounds  be  detected  in,  and  elimi- 
nated from,  sulphuric  acid  ? 

515.  State  the  method  by  which  the  presence  of  arsenic  is 
detected  in  sulphuric  acid,  and  explain  the  process  by  which  it 
may  be  removed. 

516.  Define  sulphates,  acid  sulphates,  and  double  sulphates. 

517.  What  percentage  of  real  acid  is  contained  in  commercial 
oil  of  vitriol  ? 

518.  State  the  strength  of  the  official  diluted  "  and  ^'  aro- 
matic "  sulphuric  acid. 

519.  By  what  process  is  sulphuric  anhydride  obtained  from 
IS'ordhausen  sulphuric  acid  ? 

520.  Explain  the  reactions  which  occur  in  testing  for  sul- 
phates ^ 

521.  Ascertain  by  calculation  the  weight  of  oil  of  vitriol  (of 
96-8  per  cent.)  necessary  for  the  production  of  one  ton  of  dry 
sulphate  of  ammonium. — Arts.  1718  lbs. 

522.  JN'ame  the  antidotes  in  cases  of  poisoning  by  strong  sul- 
phuric acid. 


CARBONIC  ACID  AND  OTEEE  CARBONATES. 

Formula  of  carbonic  acid  H^COg.  Molecular  weight  62.  Eor- 
mula  of  carbonic  acid  gas,  or  carbonic  anhydride,  commonly 
termed  carbonic  acid,  CO^. 

Sources.' — Carbonates  (compounds  containing  the  grouping 
COg)  are  very  common  in  nature,  the  calcium  carbonate  (CaCOg) 
being  widely  distributed  as  chalk,  limestone,  or  marble.  The 
hydrogen  carbonate,  true  carbonic  acid,  is  not  known,  unless, 
indeed,  carbonic  acid  gas  assumes  that  condition  on  dissolving  in 
water.  Such  a  solution  (see  p.  67)  changes  the  colour  of  blue 
litmus  paper,  and  the  gas  does  not ;  this  may  be  because  only 
the  true  acid  (H^COg)  affects  the  litmus,  or  because  the  gas  (CO^) 
cannot  come  into  real  contact  with  the  litmus  without  a  medium. 
Prom  the  commonest  natural  carbonate,  carbonate  of  calcium, 
is  derived  the  carbonic  constituent  of  the  one  most  frequently 
used  in  medicine,  carbonate  of  sodium. 

Carbonate  of  sodium  is  prepared  from  the  chief  natural  salt, 
the  chloride.  After  the  chloride  has  been  converted  into  sulphate 
(salt-cake)  by  sulphuric  acid  (or  by  sulphurous  acid,  air,  and  steam 
— Hargreave's  modification), 

2NaCl    +    H^SO,    =    N"a,SO,    +  2HC1, 
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the  sulphate  is  roasted  with  limestone  and  small  coal,  by  which 
carbonate  of  sodium  and  sulphide  of  calcium  are  formed : — 

m,SO,  +       +  CaC03  =  CaS  +  N'a^COg  +  4C0. 

Carbonic  oxide  gas  and  a  little  carbonic  acid  gas,  from  the  excess 
of  chalk,  escape ;  the  residual  mass  (black  ash)  is  digested  in 
water,  in  which  the  carbonate  of  sodium  dissolves,  the  sulphide 
of  calcium,  with  a  little  oxide,  remaining  insoluble.  The  solution 
is  evaporated  to  dryness,  and  yields  crude  carbonate  of  sodium. 
This  is  roasted  with  a  small  quantity  of  sawdust,  to  convert 
any  caustic  soda,  resulting  from  the  action  of  the  lime  on  the 
carbonate,  into  normal  carbonate.  The  product  is  soda-asli. 
Dissolved  in  water  and  crystallized,  it  constitutes  the  ordinary 
"  soda  "  used  for  washing  purposes  :  recrystallized  and  some- 
times ground,  it  forms  the  official  carbonate  of  sodium  (Soclce 
Carhonas,  B.  P.)  (^^"a^COg,  lOH^O).  The  reaction  is  rendered 
more  intelligible  by  regarding  it  as  occurring  in  two  stages : — 
1st,  the  reduction  of  the  sulphate  of  sodium  to  sulphide  by  the 
carbon  of  the  coal, 

JS^SO,   4-         =   Na^S    -f    4C0 ; 

2nd,  the  reaction  of  the  sulphide  of  sodium  and  carbonate  of 
calcium,  giving  soluble  carbonate  of  sodium,  thus — 

Na^S  +  CaC03  =  mfO,  +  CaS. 

The  sulphur  in  the  residual  sulphide  of  calcium  may  be 
recovered  by  exposure  to  air,  and  the  subsequent  action  of 
hydrochloric  acid.  Some  hyposulphite  of  calcium  (CaS^Og)  is  first 
formed,  and  the  action  of  the  acid  on  this  and  on  undecomposed 
sulphide  gives  chloride  of  calcium,  water,  and  sulphur. 

Another  process. — To  a  strong  solution  of  common  salt,  bicar- 
bonate of  ammonium  is  added,  when  a  precipitate  of  bicarbonate 
of  sodium  occurs.  The  resulting  chloride  of  ammonium  may  be 
converted  into  carbonate  by  heating  with  chalk,  and  the  carbonate 
be  more  fully  carbonated  by  carbonic  acid  gas  obtained  by  heating 
the  bicarbonate  of  sodium,  which  is  thereby  reduced  to  the 
ordinary  neutral  carbonate. 

Carbonic  acid  gas  (CO^)  is  a  product  of  the  combustion  of  all 
carbonaceous  matters.  It  is  constantly  exhaled  by  animals  and 
inhaled  by  plants,  its  intermediate  storehouse  being  the  atmo- 
sphere, throughout  which  it  is  equally  distributed  by  diffusion 
(vide  p.  14)  to  the  extent  of  about  4  parts  in  10,000.  A  larger 
proportion  than  that  just  mentioned  gives  to  confined  air  de- 


350 


SALTS  OF  ACIDULOUS  RADICALS. 


pressing  effects,  4  or  5  per  cent,  rendering  tlie  atmosphere 
poisonous  when  taken  into  the  blood  from  the  lungs.  Carbonic 
acid,  however,  may  be  taken  into  the  stomach  with  beneficial 
sedative  effects  ;  hence,  probably,  much  of  the  value  of  such 
effervescing  liquids  as  soda-water,  lemonade,  and  solutions  of  the 
various  granulated  preparations  and  effervescing  powders.  The 
gas  liquefies  on  being  compressed,  and  the  liquid  solidifies  on 
being  cooled.  Carbonic  acid  gas  is  twenty-two  times  as  heavy 
as  hydrogen,  and  about  half  as  heavy  again  as  air. 

Ee  ACTION'S. 

Synthetical  and  Analytical  Reactions. — 1.  To  a  fragment  of 
marble  in  a  test-tube  add  water  and  then  hydrochloric  acid ; 
carbonic  acid  gas  (CO^)  is  evolved,  and  may  be  conveyed  into 
water  or  solutions  of  salts  by  the  usual  delivery- tube. 

This  is  the  process  of  the  British  Pharmacopoeia,  and  the  one 
usually  adopted  for  experimental  purposes.  Passed  into  car- 
bonate of  sodium,  the  gas  gives  Sodm  Bicarhonas,  B.  P.  (p.  80), 
and  into  carbonate  of  potassium,  Potassm  Bicarbonas,  B.  P.  (p.  67). 
On  the  large  scale  the  gas  is  prepared  from  chalk  or  marble  and 
sulphuric  acid,  frequent  stirring  promoting  its  escape. 

2.  Pass  the  gas  into  lime-water ;  a  white  precipitate  of  car- 
bonate of  calcium  (CaCOg)  falls.  Solution  of  subacetate  of  lead 
may  be  used  instead  of,  and  is  perhaps  even  a  more  delicate  test 
than,  lime-water. 

The  evolution  of  a  gas  on  adding  an  acid  to  a  salt,  warming 
the  mixture  if  necessary,  the  gas  being  inodorous  and  giving  a 
white  precipitate  with  lime-water,  is  sufficient  evidence  of  the 
presence  of  a  carbonate.  Carbonates  in  solutions  of  ammonia, 
potash,  or  soda  may  be  detected  by  the  direct  addition  of  solution 
of  lime. 

3.  Blow  air  from  the  lungs  through  a  glass  tube  into  lime- 
water  ;  the  presence  of  carbonic  acid  gas  is  at  once  indicated. 

The  passage  of  a  considerable  quantity  of  normal  air  through 
lime-water  produces  a  similar  effect.  A  bottle  containing  lime- 
water  soon  becomes  coated  with  carbonate  of  calcium  from 
absorption  of  atmospheric  carbonic  acid  gas. 
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4.  Eill  a  dry  test-tube  with  the  gas,  by  passing  the  delivery- 
tube  of  the  above  apparatus  to  the  bottom  of  the  test-tube. 
Being  rather  more  than  once  and  a  half  as  heavy  as  the  air 
(1*529),  it  will  displace  the  latter.  Prove  the  presence  of  the 
gas  by  pouring  it  slowly,  as  if  a  visible  liquid,  into  another  test- 
tube  containing  lime-water ;  the  characteristic  cloudiness  and 
precipitate  are  obtained  on  gently  shaking  the  lime-water. 

In  testing  for  carbonates  by  bringing  evolved  gas  into  contact 
with  lime-water,  the  preparation  and  adaptation  of  a  delivery- 
tube  may  often  be  avoided  by  pouring  the  gas  from  the  gene- 
rating-tube  into  that  containing  the  lime-water  in  the  manner 
just  indicated. 

5.  Pass  carbonic  acid  gas  through  lime-water  until  the  pre- 
cipitate at  first  formed  is  dissolved.  The  resulting  liquid  is  a 
solution  of  carbonate  of  calcium  in  carbonic  acid  water.  Boil  the 
solution ;  carbonic  acid  gas  escapes,  and  the  carbonate  is  again 
precipitated. 

This  experiment  will  serve  to  show  how  chalJi  is  kept  in  solu- 
tion in  ordinary  well-waters,  giving  the  property  of  "  hardness," 
and  how  the  fur  or  stone-like  deposit  in  tea-kettles  and  boilers 
is  formed.  It  should  be  here  stated  that  sulphate  of  calcium 
produces  similar  hardness,  and  that  these,  with  small  quantities  of 
the  sulphate  and  carbonate  of  magnesium,  constitute  the  hardening 
constituents  of  well-waters,  a  curd  (oleate  of  calcium  or  mag- 
nesium) being  formed  whenever  soap  is  used  with  such  waters. 
An  enormous  amount  of  soap  is  wasted  through  the  employment 
of  hard  water  for  washing-purposes.  The  hardness  produced  by 
the  earthy  carbonates  is  termed  "  temporary  hardness,"  because 
removable  by  ebullition ;  that  by  the  earthy  sulphates  "  perma- 
nent hardness,"  because  unaffected  by  ebullition.  The  addition 
of  lime-water  or  a  mixture  of  lime  and  water  removes  temporary 
hardness  (react.  2,  page  350),  and  carbonate  of  sodium,  "  washing- 
soda,"  both  temporary  and  permanent  hardness,  in  the  latter  case 
sulphate  of  sodium  remaining  in  solution.  Carbonate  of  barium 
(ground  witherite)  also  decomposes  sulphates  of  calcium  and 
magnesium,  sulphate  of  barium  being  precipitated  and  carbonates 
of  calcium  or  magnesium  formed  ;  the  latter  and  the  carbonates 
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originally  in  tlie  water  may  then  be  precipitated  by  ebullition  or 
by  the  action  of  lime-water.  But  the  injurious  eiFects  of  barium 
salts  on  man  and  the  lower  animals  prevents  the  carbonate  being 
used  for  purifying  water  for  drinking-purposes,  as  by  accident  or 
an  unforeseen  reaction  a  portion  might  become  dissolved. 


QUESTIONS  A]N"D  EXEECISES. 

523.  TsTame  the  chief  natural  carbonates. 

524.  "What  are  the  formulae  of  carbonic  acid  and  carbonic  acid 
gas  ? 

525.  Adduce  evidence  of  the  existence  of  true  carbonic  acid. 

526.  Trace  the  steps  by  which  the  carbonic  constituent  of 
chalk  is  transferred  to  sodium  by  the  process  usually  adopted 
in  alkali-works — the  manufacture  of  "  soda." 

527.  Carbonic  acid  gas  is  constantly  exhaled  from  the  lungs 
of  animals  ;  why  does  it  not  accumulate  in  the  atmosphere  ? 

528.  What  is  the  effect  of  pressure  on  carbonic  acid  gas  ? 

529.  State  the  specific  gravity  of  carbonic  acid  gas. 

530.  By  what  processes  may  carbonic  acid  gas  be  obtained  for 
experimental  and  manufacturing  purposes  ? 

531.  Describe  the  action  of  carbonic  acid  gas  on  the  carbonates 
of  potassium  or  sodium. 

532.  How  may  carbonic  acid  be  detected  in  expired  air  ? 

533.  To  what  extent  is  carbonic  acid  gas  heavier  than  air  ? 

534.  What  quantity  of  chalk  (90  per  cent,  pure)  will  be  re- 
quired to  furnish  the  carbonic  acid  necessary  to  convert  one  ton 
of  carbonate  of  potassium  (containing  83  per  cent,  of  K^CO.,) 
into  acid  carbonate,  supposing  no  gas  to  be  wasted  ? — Ans. 
1500  Ibs.^ 

535.  Define  "  hardness  "  in  water. 

536.  How  may  the  presence  of  carbonates  be  demonstrated  ? 


OXALIC  ACID  AND  OTHER  OXALATES. 

Eormula  of  Oxalic  Acid  H,C,0^,  2H,0.    Molecular  weight  1 26. 

Sources. — Oxalates  occur  in  nature  in  the  juices  of  some  plants, 
as  wood-sorrel,  rhubarb,  the  common  dock,  and  certain  lichens  ; 
but  the  hydrogen  oxalate  (oxalic  acid)  and  other  oxalates  are  all 
made  artificially.    Many  organic  substances  yield  oxalic  acid 
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when  boiled  with  nitric  acid,  and  an  alkaline  oxalate  when 
roasted  with  a  mixture  of  the  hydrates  of  potassium  and  sodium. 

Experimental  process. — On  the  small  scale,  a  mixture  of  nitric 
acid  and  loaf-sugar  yields  the  acid  in  the  purest  form,  the  two 
being  boiled  together  for  some  time. 

Manufacturing  process, — On  the  large  scale,  sawdust  is  roasted 
with  alkalies,  resulting  oxalate  of  sodium  decomposed  by  lime 
with  formation  of  oxalate  of  calcium,  the  latter  digested  with 
sulphuric  acid,  and  the  liberated  oxalic  acid  (Oxalic  Acid  of  Com- 
merce, E.  P.)  purified  by  recrystallization  (Oxalic  Acid,  Purified, 
B.  P.). 

Quantivalence. — The  elements  represented  by  the  formula  C^O^ 
are  those  characteristic  of  oxalates.  They  form  a  bivalent  group- 
ing ;  hence  normal  oxalates  (^'J^2^i)  ^^^^  oxalates  (E'liC^O^) 
exist. 

Salt  of  sorrel  is  a  crystalline  compound  of  oxalic  acid  with  acid 
potassium  oxalate,  the  crystals  containing  two  molecules  of  water 
of  crystallization  (KHC.O^,  H,C,0„2H^0). 

Analytical  Reactions  (Tests). 
First  Analytical  Reaction. — To  solution  of  an  oxalate  (oxalate 
of  ammonium,  e.  g.)  add  solution  of  chloride  of  calcium ;  a  white 
precipitate  falls.    Add  to  the  precipitate  excess  of  acetic  acid  it 
is  insoluble.    Add  hydrochloric  acid  ;  the  precipitate  is  dissolved. 

The  formation  of  a  white  precipitate  on  adding  a  calcium 
or  barium  salt,  insoluble  in  acetic  but  soluble  in  hydrochloric  or 
nitric  acid,  is  usually  sufficient  proof  of  the  presence  of  an  oxa- 
late. The  action  of  the  liquid  on  litmus  paper,  efiervescence 
with  carbonate  of  sodium,  and  absence  of  metals,  would  indicate 
that  the  oxalate  is  that  of  hydrogen,  oxalic  acid. 

Note. — The  barium  oxalate  is  slightly  soluble  in  acetic  acid  (Sou- 
chay  and  Lenssen),  and  enough  may  be  dissolved  by  this  acid  from 
a  mixed  barium  precipitate  (produced  on  adding  chloride  or  nitrate 
of  barium  to  a  solution  of  mixed  salts)  to  give  the  above  reaction 
on  adding  chloride  of  calcium  to  the  filtered  acetic  liquid — an 
effect  sometimes  useful  in  the  analysis  of  mixed  substances 
(Davies). 

Antidote. — In  cases  of  poisoning  by  oxalic  acid  or  salt  of  sorrel, 
chalk  and  water  may  be  administered  as  a  chemical  antidote  (with 
the  view  of  producing  the  insoluble  oxalate  of  calcium),  emetics 
and  the  stomach-pump  being  used  as  soon  as  possible. 
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Second  Analytical  Reaction. — Heat  a  fragment  of  dry  common 
fixed  metallic  oxalate  (an  oxalate  of  potassium  for  example)  in  a 
test-tube ;  decomposition  occurs,  carbonic  oxide  (CO)  (a  gas  that 
will  be  noticed  subsequently)  is  liberated,  and  a  carbonate  of  the 
metal  remains.  Add  water  and  then  an  acid  to  the  residue; 
effervescence  occurs. 

This  is  a  ready  test  for  ordinary  insoluble  oxalates,  and  is 
trustworthy  if,  on  heating  the  substance,  no  charring  occurs,  or 
not  more  than  gives  a  grey  colour  to  the  residue.  Organic  salts 
of  metals  decompose  when  heated,  and  leave  a  residue  of  carbo- 
nate, but,  except  in  the  case  of  oxalates,  the  residue  is  always 
accompanied  by  much  charcoal.  Insoluble  oxalates  and  organic 
salts  of  such  metals  as  lead  and  silver  are,  of  course,  liable  to  be 
reduced  to  oxide  or  even  metal  by  heat.  Such  oxalates  may  be 
decomposed  by  boiling  with  solution  of  carbonate  of  sodium, 
filtering,  and  testing  the  filtrate  for  oxalates  by  the  chloride  of 
calcium  test. 

Other  Analytical  Reactions. — I^itrate  of  silver  gives,  with  oxa- 
lates, white  oxalate  of  silver  (Ag^C^O  J.  Dry  oxalates  are  de- 
composed when  heated  with  strong  sulphuric  acid,  carbonic  oxide 
and  carbonic  acid  gases  escaping.  If  much  of  the  substance  be 
operated  on,  the  gas  may  be  washed  with  an  alkali,  the  carbonic 
acid  be  thus  removed,  and  the  carbonic  oxide  be  ignited ;  it  will 

be  found  to  burn  with  a  characteristic  bluish  flame,  Oxalates, 

when  mixed  with  water,  black  oxide  of  manganese  (free  from 
carbonates),  and  sulphuric  acid,  yield  carbonic  acid  gas,  which 

may  be  tested  by  lime-water  in  the  usual  manner.  I^ot  only 

such  insoluble  oxalates  as  those  of  lead  and  silver  above  referred 
to,  but  any  common  insoluble  oxalate,  such  as  that  of  calcium  or 
magnesia,  may  be  decomposed  by  ebullition  with  solution  of 
carbonate  of  sodium ;  after  filtration  the  oxalic  radical  will  be 
found  in  the  clear  liquid  as  soluble  oxalate  of  sodium. 

Test  of  Purity. — "Purified  Oxalic  Acid.... is  entirely  dis- 
sipated by  a  heat  below  350°  P.''  (B.  P.). 


TARTRATES. 


355 


QUESTIONS  AND  EXERCISES. 

537.  Explain  the  constitution  of  oxalates. 

538.  State  how  oxalates  are  obtained. 

539.  "What  is  the  qnantivalence  of  the  oxalic  radical  ? 

540.  Give  the  formula  of    salt  of  sorrel." 

541.  Mention  the  chief  test  for  oxalic  acid  and  other  soluble 
oxalates. 

542.  Name  the  antidote  for  oxalic  acid,  and  describe  its  action, 

543.  By  what  reactions  are  insoluble  oxalates  recognized? 


TAETAEIC  ACID  AND  OTKEH  TAETHATES. 

Eormula  of  Tartaric  Acid  H.C.H.Og,  or  H.T. 
Molecular  weight  150. 

Sources. — Tartrates  exist  in  the  juice  of  many  fruits ;  but  it  is 
from  that  of  the  grape  that  our  supplies  are  usually  obtained. 
Grape-juice  contains  much  acid  tartrate  of  potassium,  which  is 
gradually  deposited  when  the  juice  is  fermented,  as  in  making 
wine ;  for  acid  tartrate  of  potassium^  not  very  soluble  in  aqueous 
liquids,  is  still  less  so  in  spirituous,  and  hence  crystallizes  out  as 
the  sugar  of  the  grape-juice  is  gradually  converted  into  alcohol. 
It  is  found,  with  tartrate  of  calcium,  lining  the  vessels  in  which 
wine  is  kept ;  and  it  is  from  this  crude  tartar  (argal  or  argol), 
as  well  as  from  what  tartar  may  be  remaining  in  the  marc  left 
after  the  juice  has  been  pressed  from  the  grapes,  that  tartaric 
acid  and  other  tartrates  are  prepared.  In  old  dried  grapes 
(Eaisins ;  Uvoe,  B.  P.)  crystalline  masses  of  cream  of  tartar  and 
of  grape-sugar  are  constantly  met  with. 

Cream  of  tartar  purified  by  crystallization  (Potassce  Tartras 
Acida,  B.  P.)  occurs  as  ^'  a  gritty  white  powder,  or  fragments  of 
cakes  crystallized  on  one  surface;"  of  a  pleasant  acid  taste, 
soluble  in  180  parts  of  cold  and  6  of  boiling  water,  insoluble  in 
spirit  *. 

^  A  boiling  solution  of  tartar  yields  a  floating  crust  of  minute  crystals  on 
cooling — ^just  as  milk  yields  a  floating  layer  of  cream  ;  hence  the  term  cream 
of  tartar.  "  It  is  called  tartar  J'  says  Paracelsus,  "because  it  produces  oil,  water, 
tincture  and  salt,  which  burn  the  patient  a^.  ^artarus  does."  Tartarus  is 
Latin  (Tdprapos,  Tartaros,  Greek)  for  hell.  The  products  of  its  destructive 
distillation  are  certainly  somewhat  irritating  in  taste  and  smell ;  and  the 
"  salt "  (carbonate  of  potassium)  that  is  left  is  diuretic  and  in  larger  quan- 
tities powerfully  corrosive. 
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Quantivalence. — The  elements  represented  by  the  formula  C^H^Og 
are  those  characteristic  of  tartrates.  They  form  a  bivalent  grouping ; 
hence  normal  tartrates  (H'gT)  and  acid  tartrates  (E'HT)  exist. 
Tartrate  of  potassium,  the  Potassm  Tartras  of  the  British  Phar- 
macopoeia (KJi^Jip^,  and  Eochelle  Salt,  or  tartrate  of  potassium 
and  sodium,  the  official  Soda  Tartarata,  are  illustrations  of  normal 
tartrates,  while  Cream  of  Tartar,  KHC^H^Og,  is  an  example  of 
acid  tartrates.  The  only  official  tartrate  not  apparently  included 
in  these  general  formulae  is  tartar-emetic  (Antimoninm  Tarta- 
ratum,  B.  P.),  which  is  sometimes  regarded  as  the  double  tartrate 
of  potassium  and  a  hypothetical  radical,  antimonyl  (SbO),  thus, 
KSbOC^H^Op.  Probably,  however,  it  is  but  an  oxytartrate  of 
antimony  (Sb^O^T)  with  normal  tartrate  of  potassium  (Kg^)  > 
for  there  are  several  oxycompounds  of  antimony  analogous  to  the 
oxycompounds  of  bismuth  that  have  been  described  (p.  279), 
normal  salts  partially  decomposed  by  water  into  oxides,  and 
many  of  these  oxycompounds  readily  unite  with  normal  salts  of 
other  basylous  radicals.  Tartar-emetic  would  thus  be  oxytar- 
trate of  antimony  with  tartrate  of  potassium  (Sb^O^T,  K^T,  or 
Sb,0,C,H,0„  K,C,H,0„  or  K'Sb"'(C  A0,)"0"). 

Tartaric  Acid. 

Tartaric  Acid  (Acidum  Tartaricum,  B.  P.)  is  obtained,  accord- 
ing to  the  British  Pharmacopoeia,  by  boiling  cream  of  tartar 
(Potassce  Tartras  Acida,  B.  P.)  with  water,  adding  chalk  till 
eifervescence  ceases,  and  then  chloride  of  calcium  so  long  as  a 
precipitate  falls  ;  the  two  portions  of  tartrate  of  calcium  thus 
consecutively  formed  are  thoroughly  washed,  treated  with  sul- 
phuric acid,  the  mixture  boiled  for  a  short  time,  resulting  sul- 
phate of  calcium  mostly  separated  by  filtration,  the  filtrate  con- 
centrated by  evaporation,  any  sulphate  of  calcium  that  may  have 
deposited  removed  as  before,  and  concentration  continued  until 
the  solution  is  strong  enough  to  crystallize.  Tartrate  of  calcium 
from  9  ounces  of  cream  of  tartar  requires  five  ounces  by  weight 
of  sulphuric  acid  for  complete  decomposition. 

2KHT    +    CaC03  =  Caf  +    K,T    -|-    11,0    -^  CO^ 

Acid  tartrate  Carbonate  of  Tartrate  of  Tartrate  of  Water.  Carbonic 
of  potassium.         calcium.        calcium.        potassium.  acid  gas. 

K^T    +    CaCl,    =    CaT    +  2KC1 

Tartrate  of  Chloride  of  Tartrate  of  Chloride  of 
potassium.  calcium.  calcium.  potassium. 

2CaT    +    2H,S0,    =    SCaSO^    +  2H^T" 

Tartrate  of  Sulphuric  Sulphate  of  Tartaric 

calcium.  acid.  calcium.  acid. 
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Tartaric  acid  occurs  in  colourless  crystals,  or  the  same  pow- 
dered. It  is  strongly  acid  and  readily  soluble  in  water  or  spirit. 
One  part  in  8  of  water  and  2  of  spirit  of  wine  forms  "  Solution 
of  Tartaric  Acid,"  B.  P.    Its  aqueous  solution  is  not  stable. 

Parcels  of  tartaric  acid  often  contain  crystals  of  an  allotropic 
or  physically  isomeric  modification  {vide  "  AUotropy  and  "  Iso- 
merism in  Index).  It  is  termed  Paratartaric  acid  (irapa,  para, 
beside)  or  Racemic  acid  (racemus,  a  bunch  of  grapes),  and  is  a 
combination  of  ordinary  tartaric  acid,  whose  solution  twists  a  ray 
of  polarized  light  to  the  right  hand  (dextrotartaric  or  dextrora- 
cemic  acid),  and  of  Isevotartaric  or  Isevoracemic  acid,  whose  solu- 
tion twists  a  polarized  ray  to  the  left.  Eacemic  acid  is  inactive 
in  this  respect,  the  opposite  properties  of  its  constituents  neu- 
tralizing each  other.  Eacemic  acid  is  less  soluble  in  alcohol  than 
tartaric  acid. 

Eeactioi^s. 

Tartrate  of  Potassium. 

Synthetical  Reactions, — To  a  small  quantity  of  a  strong  solution 
of  carbonate  of  potassium  add  acid  tartrate  of  potassium,  so  long 
as  effervescence  occurs ;  the  resulting  liquid  is  solution  of  normal 
tartrate  of  potassium  (Fotassce  Tartras,  B.  P.)  (K^C^H^Og),  crys- 
tals of  which  may  be  obtained  on  evaporation. 

Note. — This  is  a  common  method  of  converting  an  acid  salt  of 
a  bivalent  acidulous  radical  into  a  normal  salt.  The  carbonate 
added  need  not  be  a  carbonate  of  the  same,  but  may  be  of  a  dif- 
ferent metal ;  compounds  like  Eochelle  salt  (KNaC^H^Og)  are 
then  obtained.    Thus : — 

Tartrate  of  Potassium  and  Sodium. 

To  a  strong  hot  solution  of  carbonate  of  sodium  add  acid  tar- 
trate of  potassium  until  effervescence  ceases ;  the  resulting  liquid 
is  solution  of  tartrate  of  potassium  and  sodium  :  on  cooling,  it 
yields  crystals.  This  is  the  official  process  (Soda  Tartarata, 
B.  P.)  (KNaCAOe>  4H,0). 

Ka^CO,  +  2KHC,H,0,  =  2KmGJIfi,  +  Hfi  +  CO, 

Carbonate  of         Acid  tartrate  Tartrate  of  potas-         Water,  Carbonic 

sodium.  of  potassium.  sium  and  sodium.  acid  gas. 
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Crystals  of  Eoclielle  salt  are  usually  halves  of  colourless  trans- 
parent right  rhombic  prisms,  slightly  efflorescent  in  dry  air, 
soluble  in  five  parts  of  boiling  water.  Tartrate  of  potassium  is 
slightly  deliquescent,  soluble  in  about  four  parts  of  boiling 
water. 

Equivalent  Weights  of  Tartaric  Acid,  Carbonate  of  Potassium, 
Bicarbonate  of  Potassium,  Carbonate  of  Sodium  {crystallized), 
Bicarbonate  of  Sodium,  and  Carbonates  of  Ammonium  and 
Magnesium :  repeated  for  20  parts  of  each  (and,  incidentally, 
for  other  proportions). 


Tart.  Acid  ... 

H2C4H4O6   

=  150 

20 

181 

15 

lOf 

171 

251 

311 

Carb.  Potas... 

K0CO3  (of  84  per  cent.)  

=  164 

22 

20 

16i 

Hi 

19| 

28 

341 

Bicarb.  Pot.... 

2(kHC03)   

=200 

261 

24i 

20 

14 

23| 

34 

42 

Carb.  Sod.  .  . 

-286 

38 

34f 

28| 

20 

34 

48| 

60 

Bicarb.  Sod.... 

2(NaHC03)   

-168 

221 

20^ 

16| 

llf 

20 

281 

35t 

Carb.Ammon. 

(N4Hi6C30s)-f-2  

-118 

151 

14| 

llf 

8i 

14 

20 

24| 

Carb.  Magnes. 

(MgC03)3Mg2HO,4H20-^4  . 

.  =95-5 

12f 

111 

9| 

6| 

111 

16 

20 

Thus  20  parts  (grains  or  other  weights)  of  tartaric  acid  neu- 
tralize 22  of  carbonate  of  potassium,  26|  of  bicarbonate  of 
potassium,  38  of  carbonate  of  sodium,  22|  of  bicarbonate  of 
sodium,  15|  of  carbonate  of  ammonium,  or  12|  of  carbonate  of 
magnesium.  Other  quantities  of  tartaric  acid  (18|,  15, 10|,  17|, 
25 J,  31 1)  saturate  the  amounts  of  salts  m.entioned  in  the  other 
columns  and  vice  versa,  A  similar  Table  for  Citric  Acid  will  be 
found  at  p.  363,  and  for  both  acids  in  the  Appendix.  These 
Tables  afford  good  illustrations  of  some  of  the  laws  of  chemical 
combination  (pp.  41,  214).  The  reader  should  verify  a  few  of 
the  numbers  by  calculation  from  the  atomic  weights  of  the 
elements  concerned  in  the  reactions,  remembering  that  the  salts 
formed  are  considered  to  be  neutral  in  constitution.  In  medical 
practice  effervescing  saline  draughts  are  often  designedly  pre- 
scribed to  contain  an  amount  of  acid  or  alkali  considerably  in 
excess  of  the  proportions  required  for  perfect  neutrality. 

A  common  form  of  Seidlitz  Poiuder  consists  of  3  parts  of 
Eochelle  salt  (120  grains)  with  1  (40  grains)  of  acid  carbonate  of 
sodium  (the  mixture  usually  wrapped  in  blue  paper)  and  1  (40 
grains)  of  tartaric  acid  (wrapped  in  white  paper).  When  ad- 
ministered, the  latter  is  dissolved  in  a  tumbler  rather  more  than 
half  full  of  water,  the  former  added,  and  the  mixture  drank  during 
effervescence.    It  will  be  seen  that  the  salts  swallowed  are  tar- 
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trate  of  potassium  and  sodium  (KJNTaT,  4JSP),  tartrate  of  sodium 
(JN'a^T,  ^H^O),  and  acid  tartrate  of  sodium  or  potassium.  The  last- 
mentioned  salt  results  because  11^  per  cent.  (4|  grains)  of  the 
tartaric  acid  is  in  excess  of  the  quantity  necessary  for  the  forma- 
tion of  neutral  tartrate  of  sodium.  This  amount  of  acid  salt 
gives  agreeable  acidity  to  the  draught.  The  American  formula 
{Pulveres  Effervescentes  Ajjerientes,  U.  S.  P.)  includes  rather  less 
tartaric  acid,  so  that  only  neutral  salts  are  formed. 

Analytical  Eeactions  (Tests), 

First  Analytical  Reaction, — To  solution  of  any  normal  tartrate, 
or  tartaric  acid  made  neutral  by  solution  of  soda,  add  solution 
of  chloride  of  calcium ;  a  white  precipitate,  tartrate  of  calcium, 
falls.  Collect  the  precipitate  on  a  filter,  wash,  place  a  small 
quantity  in  a  test-tube,  and  add  solution  of  potash ;  on  stirring 
the  mixture  the  precipitate  dissolves.  Heat  the  solution ;  the 
tartrate  of  calcium  is  again  precipitated. 

In  the  above  reaction  a  fair  amount  of  the  chloride  of  calcium 
solution  should  be  added  at  once,  and  the  whole  test  performed 
without  delay,  or  the  calcium  tartrate  will  assume  a  crystalline 
character,  and  be  with  difficulty  dissolved  by  the  potash. 

The  solubility  of  tartrate  of  calcium  in  cold  potash  solution 
enables  the  analyst  to  distinguish  between  tartrates  and  citrates, 
otherwise  a  difficult  matter.  Citrate  of  calcium  is  not  soluble,  or 
only  to  a  very  slight  extent,  in  the  alkali.  The  absence  of  much 
ammoniacal  salt  must  be  insured,  citrate,  as  well  as  tartrate,  of 
calcium,  being  soluble  in  solutions  of  salts  of  ammonium. 

Second  Analytical  Beaction. — Acidulate  a  solution  of  a  tartrate 
with  acetic  acid,  add  acetate  of  potassium,  and  well  stir  the  mix- 
ture ;  a  crystalline  precipitate  of  acid  tartrate  of  potassium  slowly 
separates. 

This  reaction  is  not  applicable  in  testing  for  very  small  quan- 
tities of  tartrates,  the  acid  tartrate  of  potassium  being  not  alto- 
gether insoluble.  The  precipitate  being  insoluble  in  alcohol, 
however,  the  addition  of  spirit  of  wine  renders  the  test  far  more 
delicate.  • 
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Third  Analytical  Ueaction. — To  a  neutral  solution  of  a  tartrate 
add  solution  of  nitrate  of  silver ;  a  white  precipitate  of  tartrate 
of  silver,  Ag^C^H^Og,  falls.  Boil  the  mixture  ;  it  blackens,  owing 
to  the  reduction  of  the  salt  to  metallic  silver.  Or,  before  boiling, 
add  a  drop,  or  less,  of  ammonia ;  a  mirror  will  form  on  the  tube 
— adhering  well  to  the  glass  if  the  tube  was  thoroughly  cleansed. 
Even  an  insoluble  tartrate,  placed  in  a  dry  tube  with  a  few 
fragments  of  nitrate  of  silver  and  a  drop,  or  less,  of  ammonia 
added,  gives  a  mirror-like  character  to  each  fragment  of  the 
silver  salt  when  the  tube  is  gently  rotated  some  inches  above  a 
flame. 

Fourth  Analytical  Reaction. — To  a  neutral  or  alkaline  solution 
of  a  tartrate  add  a  few  drops  of  solution  of  permanganate  of 
potassium,  and  slowly  heat  the  test-tube ;  the  colour  is  dis- 
charged, an  oxide  of  manganese  being  precipitated.  Citrates 
only  reduce  the  permanganate  to  green  manganate. 

Other  Reactions, — Tartrates  heated  with  strong  sulphuric  acid 
char  immediately.  Tartaric  acid  and  the  soluble  tartrates  pre- 
vent the  precipitation  of  ferric  and  other  hydrates  by  alkalies, 
soluble  double  tartrates  being  formed  (which  on  evaporation 
yield  liquids  that  do  not  crystallize,  but,  spread  on  sheets  of  glass, 
dry  up  to  thin  transparent  plates  or  scales).  The  potassio -tartrate 
of  iron  (Ferrum  Tartaratum,  B.  P.)  is  a  preparation  of  this  kind. 

 Tartrates  decompose  when  heated,  carbonates  being  formed 

and  carbon  set  free,  the  gaseous  products  having  a  peculiar,  more 
or  less  characteristic  smell,  resembling  that  of  burnt  sugar. 


QUESTIONS  AI^D  EXEECISES. 

544.  State  the  origin  of  tartaric  acid  and  other  tartrates,  and 
explain  the  deposition  of  argol,  crude  acid  tartrate  of  potassium, 
during  the  manufacture  of  wine. 
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545.  What  are  tlie  chemical  formula  and  characters  of  cream 
of  tartar ? 

546.  Mention  the  formula  and  quantivalence  of  the  tartaric 
radical. 

547.  Write  formulae  of  normal,  acid,  and  double  tartrates, 
tartar-emetic  being  treated  as  an  oxytartrate  of  antimony  with 
tartrate  of  potassium. 

548.  Give  equations  or  diagrams  illustrative  of  the  production 
of  tartaric  acid  from  cream  of  tartar. 

549.  By  what  general  process  may  normal  or  double  tartrates 
be  obtained  from  acid  tartrate  of  potassium  ? 

550.  Work  out  sums  proving  the  correctness  of  some  of  the 
figures  given  on  p.  358  as  showing  the  saturating-power  of  tar- 
taric acid  for  various  quantities  of  different  carbonates,  and  give 
diagrams  or  equations  of  the  reactions. 

551.  State  the  names  and  quantities  of  the  salts  resulting  from 
the  admixture  of  120  grains  of  tartrate  of  potassium  and  sodium, 
40  grains  of  acid  carbonate  of  sodium,  and  40  grains  of  tartaric 
acid  (seidlitz  powder). 

552.  Enumerate  the  tests  for  tartrates,  and  explain  the  effects 
of  heat  on  tartrates  of  the  metals. 


CITEIC  ACID  AHD  OTHEE  CITEATES. 

formula  of  Citric  Acid  H^C^ILfl^,  H^O  or  H3Ci,  Aq. 
Molecular  weight  210. 

Source. — Citric  acid  {Acidum  Citricmn,  B.  P.)  exists  in  the 
juice  of  many  of  our  common  garden  fruits ;  thus  the  pulp 
of  the  fruit  of  Tamarindus  indica  (Tamarindiis,  B.  P.)  con- 
tains nearly  10  per  cent,  (in  addition  to  1*5  of  tartaric  acid,  -5 
of  malic  acid,  and  3  per  cent,  of  acid  tartrate  of  potassium).  But 
it  is  from  the  lemon  or  lime  that  the  acid  of  commerce  is  usually 
obtained.  The  lime-fruit  from  Citrus  hergamia  is  official  in  the 
Pharmacopoeia  of  India. 

Process. — The  British  Pharmacopoeia  directs  that  the  hot  lemon- 
juice  (4  pints)  be  saturated  by  powdered  chalk  (4|  ounces),  the 
resulting  citrate  of  calcium  collected  on  a  filter,  washed  with  hot 
water  till  the  liquor  passes  from  it  colourless  (by  which  not  only 
the  colouring-matter  but  the  mucilage,  sugar,  and  other  consti- 
tuents of  the  juice  are  got  rid  of),  then  mixed  with  cold  water 
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(1  pint),  decomposed  by  sulphuric  acid  fluid  ounces  in  1|  pint 
of  water),  the  mixture  boiled  for  half  an  hour,  filtered,  the  solu- 
tion evaporated  to  a  density  of  1-21,  set  aside  for  24  hours,  then 
poured  off  from  any  deposit  of  crystalline  sulphate  of  calcium, 
further  concentrated  and  set  aside  to  crystallize. 

+  3CaC03  ==  Ca32C,K0,  +  3Hp  +  3C0, 

Citric  acid  Carbonate  Citrate  of  Water.  Carbonic 

(impure),  of  calcium.  calcium.  acid  gas. 

Ca32C3H^O,  +  3H,S0^  =  2K^C^'Rfi^  +  3CaS0, 

Citrate  of  Sulphuric  Citric  acid  Sulphate  of 

calcium.  acid.  (pure).  calcium. 

Quantivalence.  —  The  elements  represented  by  the  formula 
CgH,0^  are  those  characteristic  of  citrates.  They  form  a  trivalent 
grouping ;  hence  three  classes  of  salts  may  exist — one,  two,  or 
three  atoms  of  the  basylous  hydrogen  in  the  acid,  H3CgH-0^, 
being  displaced  by  equivalent  proportions  of  other  basylous 
radicals. 

Citric  acid  itself  is  the  only  citric  compound  of  much  direct 
importance  to  the  pharmacist.  It  usually  occurs  in  colourless 
crystals  soluble  in  half  their  weight  of  boiling  and  three  fourths 
of  cold  water,  less  soluble  in  spirit,  and  insoluble  in  ether.  A 
solution  of  about  34  grains  in  1  ounce  of  water  forms  a  sort  of 
artificial  lemon-juice.  Citrates  heated  with  strong  sulphuric  acid 
to  about  212°  E.  evolve  carbonic  oxide  gas,  and  at  higher  tempera- 
tures acetone  and  carbonic  acid  gas. 

Action  of  heat  on  citric  acid. — Citric  acid  slowly  heated  first 
loses  its  water  of  crystallization ;  afterwards  (347°  E.)  the  ele- 
ments of  another  molecule  of  water  are  evolved  and  a  residue 
obtained  from  which  ether  extracts  aconitic  acid  (H3CgH30g), 
identical  with  the  aconitic  acid  (and  the  acid  first  termed  equi- 
setic)  in  various  species  of  Aconitum  and  Equisetum. 

The  official  Lemon-juice  (Succus  Limonum,  B.  P.)  is  to  be 
freshly  expressed  from  the  ripe  fruit,  and  contain  an  average  of 
32*5  grains  of  citric  acid  in  1  fluid  ounce.  The  acidity  may  be 
ascertained  by  adding  solution  of  potash  or  soda  (the  strength  of 
which  has  been  previously  determined  with  pure  crystals  of  citric 
acid)  till  red  litmus-paper  is  fairly  turned  blue.  Before  apply- 
ing this  test  to  commercial  specimens,  the  absence  of  notable 
quantities  of  sulphuric,  hydrochloric,  acetic,  tartaric,  or  other 
acid  must  be  insured  by  application  of  appropriate  reagents. 
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Equivalent  Weights  of  Citric  Acid,  Carbonate  of  Potassium,  Bi- 
carbonate of  Potassium,  Carbonate  of  Sodium  (crystallized), 
Bicarbonate  of  Sodium,  and  Carbonate  of  Ammonium  and 
Magnesium :  repeated  for  20  'parts  of  each  (and,  incidentally, 
for  other  proportions). 


Citric  Acid. 

HsCeH^O^H^O   

=210 

20 

17 

14 

91 

16f 

231 

29i 

Carb.  Potas. 

(K2CO3;  of  84  per  cent.) - 

-2X3 

=  246| 

231 

20 

16| 

Hi 

19f 

28 

34i 

Bicarb.  Pot. 

3(KHC03)   

=  300 

281 

24i 

20 

14 

23 

34 

41f 

Carb.  Sod... 

(ISTagCOg,  10H2O)^2x3  . 

=429 

40 

34| 

28^ 

20 

34i 

48| 

60 

Bicarb.  Sod. 

SCNaHCOs)  

=252 

24 

20i 

16f 

llf 

20 

28i 

35 

Carb.  Amm, 

(N4Hi6C30e)-4x3  

=  177 

161 

14| 

llf 

8| 

14 

20 

24f 

Carb.Magn. 

(MgC03)3Mg2HO,4H20) 

4-8x3 

=  1431 

131 

llf 

9? 

6| 

Hi 

161 

20 

Thus  20  parts  (grains,  or  other  weights)  of  citric  acid  neu- 
tralize 23|  of  carbonate  of  potassium,  28|  of  bicarbonate  of  po- 
tassium, 40  of  carbonate  of  sodium,  24  of  bicarbonate  of  sodium, 
16|  of  carbonate  of  ammonium,  or  13|  of  carb.  of  magnesium. 
Other  quantities  of  acid  (17,  14,  9|,  16|,  23|,  22|)  saturate  the 
amounts  of  salts  mentioned  in  the  other  columns  and  vice  versa. 

This  Table,  the  similar  one  for  tartaric  acid  (p.  358),  and  that 
for  both  acids  (vide  Appendix)  afford  good  illustrations  of  some 
of  the  laws  of  chemical  combination  (pp.  41,  214).  The  reader 
should  verify  a  few  of  the  numbers  by  calculation  from  the  atomic 
weights  of  the  elements  concerned  in  the  reactions,  remembering 
that  the  salts  formed  are  considered  to  be  neutral  in  constitution. 
In  medical  practice,  effervescing  saline  draughts  are  often  de- 
signedly prescribed  to  contain  an  amount  of  acid  or  alkali  con- 
siderably in  excess  of  the  proportions  required  for  perfect  neu- 
trality. 

Analytical  Reactions  (Tests), 

First  Analytical  Reaction. — To  a  dilute  solution  of  any  neutral 
citrate,  or  citric  acid  carefully  neutralized  by  alkali,  add  solution 
of  chloride  of  calcium  and  boil ;  a  white  precipitate,  citrate  of 
calcium  (Ca3Ci2),  falls.  Treat  the  precipitate  as  for  tartrate  of 
calcium  (p.  359) ;  it  is  not  perceptibly  dissolved  by  the  potash. 

A  mixture  of  citrates  and  tartrates  can  be  separated  by  this 
reaction.  They  are  precipitated  as  calcium  salts,  and  the  rapidly 
washed  precipitate  mixed  with  solution  of  potash,  diluted  and  fil- 
tered ;  the  filtrate  contains  the  tartrate,  which  is  shown  to  be 
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present  by  reprecipitation  on  boiling.  The  precipitate  still  on  tbe 
filter  is  washed,  dissolved  in  solution  of  chloride  of  ammonium, 
and  the  solution  boiled ;  the  citrate  of  calcium  is  reprecipitated. 
The  presence  of  much  sugar  interferes  with  this  reaction.  A 
dilute  solution  of  a  citrate  is  not  precipitated  by  chloride  of  cal- 
cium until  the  liquid  is  heated  :  precipitation  from  a  strong  solu- 
tion, also,  is  not  thoroughly  complete  without  ebullition  of  the 
mixture.  This  reaction  is  not  thoroughly  satisfactory,  citrate  of 
calcium  being  slightly  soluble  in  alkalies,  in  the  solutions  of  salts 
produced  in  the  reaction,  and,  to  a  very  slight  extent,  even  in  cold 
water. 

Second  Analytical  Reaction. — To  a  neutral  solution  of  a  citrate 
add  solution  of  nitrate  of  silver  ;  a  white  precipitate  of  citrate  of 
silver  (AggCi)  falls.  Boil  the  mixture  ;  the  precipitate  does  not 
blacken  as  tartrate  of  silver  does,  or  only  after  long  boiling. 

Third  Analytical  Reaction, — To  a  neutral  or  alkaline  solution 
of  a  citrate  add  a  few  drops  of  solution  of  permanganate  of  potas- 
sium and  slowly  heat  the  test-tube ;  reduction  to  manganate  only 
occurs,  a  green  or  reddish-green  solution  resulting.  Tartrates 
reduce  the  permanganate  entirely. 

Other  Analytical  Reactions. — Citric  acid  forms  no  precipitate 
corresponding  with  the  acid  tartrate  of  potassium.  Lime- 
water,  in  excess,  gives  no  precipitate  with  citric  acid  or  citrates, 
unless  the  solution  is  boiled,  citrate  of  calcium  being  slightly 
soluble  in  cold  but  not  in  hot  water  ;  it  usually  precipitates  tar- 
trates in  the  cold.  Citrates,  when  heated  with  strong  sul- 
phuric acid,  do  not  char  immediately.  Citric  acid  and  citrates 

prevent  the  precipitation  of  oxide  of  iron  by  alkalies,  soluble 
double  compounds  being  formed.  The  Ferri  et  Ammonice  Citras^ 
B.  P.,  is  a  preparation  of  this  kind.  Metallic  citrates  decom- 
pose when  heated,  carbonates  being  formed  and  carbon  set  free 
the  odour  of  the  gaseous  products  is  not  so  characteristic  as  that 
of  tartrates. 
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QUESTIOIN'S  AJSTD  EXEECTSES. 

553.  What  is  the  source  of  citric  acid  ? 

554.  Describe  the  method  by  which  citric  acid  is  prepared, 
giving  diagrams. 

555.  Illustrate  by  formulae  the  various  classes  of  tartrates  and 
citrates. 

556.  State  the  average  proportion  of  citric  acid  in  lemon-juice. 

557.  Work  out  sums  proving  the  correctness  of  some  of  the 
figures  given  on  page  363  as  showing  the  saturating-power  of 
citric  acid  for  various  carbonates. 

558.  What  are  the  tests  for  citrates  ? 

559.  How  are  tartrates  separated  from  citrates  ? 


PHOSPHOEIC  ACID  AND  OTKEE  PHOSPHATES. 

Formula  of  Phosphoric  Acid  HgPO^.    Molecular  weight  98. 

Source. — The  source  of  the  ordinary  normal  phosphates  and  of 
phosphorus  itself  (Phosphorus ,  B.  P.)  is  the  normal  phosphate  of 
calcium  (CagSPOJ.  It  is  the  chief  constituent  of  the  bones  of 
animals,  being  derived  from  the  plants  on  which  they  feed,  plants 
again  obtaining  it  from  the  soil.  Compounds  of  phosphorus  are 
also  met  with  in  the  brain,  nerves,  muscles,  blood,  saliva,  and, 
according  to  Kirkes,'  even  in  tissues  so  simple  that  one  must 
assume  that  the  compounds  are  necessary  constituents  of  the  sub- 
stance of  the  primary  cell.  They  escape  from  the  system  both 
in  the  urine  and  faeces. 

Process. — Phosphorus  (P=31)  is  obtained  from  bones  by  the 
following  processes  : — The  bones  are  burnt  to  remove  all  traces 
of  animal  matter.  The  resulting  bone-earth  is  treated  with  sul- 
phuric acid  and  water,  by  which  an  acid  phosphate  of  calcium 
(CaH^2P0J,  often  called  superphosphate  of  lime,  is  produced  : — 

Ca32PO,  +  2H^S0^  =  CaH,2P0,  -1-  2CaS0^. 

The  acid  phosphate  (strained  from  the  sulphate  and  evaporated 
to  dryness)  is  mixed  with  charcoal  and  sand  and  heated  to  dull 
redness  in  an  iron  pot.  At  this  stage  water  escapes  and  meta- 
phosphate  of  calcium  (Ca2P03,  see  Index)  remains : — 

CaH^2P0,  =  Ca2P03  +  211,0. 

The  mixture  is  then  transferred  to  a  retort  and  distilled  at  a 
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strong  red  heat ;  silicate  of  calcium  (CaSiOg)  is  formed  and  re- 
mains in  the  retort,  phosphorus  vapour  is  evolved  and  condensed 
under  water,  and  carbonic  oxide  gas  escapes : — 

2(Ca2P03)  +  2SiO,  +  C,,  =  2CaSi03  +  lOCO  +  P,. 

It  is  purified  by  melting  under  water  containing  sulphuric  acid 
and  red  chromate  of  potassium. 

Properties. — Phosphorus  is  "  a  semitransparent,  colourless, 
wax-like  solid  (in  sticks  or  cakes),  which  emits  white  vapours 
when  exposed  to  the  air.  Specific  gravity  1*77.  It  is  soft  and 
flexible  at  common  temperatures,  melts  at  110°  E.,  ignites  in  the 
air  at  a  temperature  a  little  above  its  melting-point,  burning 
with  a  luminous  flame  and  producing  dense  white  fumes.  It  is 
very  poisonous.  Insoluble  in  water,  but  soluble  in  ether  and 
in  boiling  oil  of  turpentine,"  also  in  bisulphide  of  carbon.  It  is 
soluble  in  oil  which  has  been  previously  heated  for  a  short  time 
to  about  300"^  P.  to  expel  moisture — 12  grains  in  4  fluid  ounces 
of  dried  almond-oil  constituting  Phosphorated  Oil,  Oleum  PJios- 
jolioratum^  B.  P.  A  mixture,  or  rather  a  solution,  of  phosphorus 
in  balsam  of  tolu  and  yellow  wax,  forms  the  ofiicial  Phosphorus 
Pill  (PiMa  PJiospliori,  B.  P.). 

Granulated  or  pulverulent  phosphorus  is  obtained  by  placing  a 
portion  under  equal  parts  of  spirit  and  water  in  a  bottle,  standing 
the  bottle  in  warm  water  till  the  phosphorus  melts,  then  inserting 
the  stopper  (glass,  not  cork)  and  shaking  the  whole  till  cold. 

Red  or  Amorphous  jrliospliorus. — Ordinary  phosphorus  kept  at 
a  temperature  of  about  450°  Pahr.,  in  an  atmosphere  from  which 
air  is  excluded,  becomes  red,  opaque,  insoluble  in  liquids  in  which 
ordinary  phosphorus  is  soluble,  oxidizes  extremely  slowly,  and 
only  ignites  when  heated  to  near  500°  Pahr.  It  is  used  in  the 
manufacture  of  several  varieties  of  lucifer-matches,  not  emitting 
the  poisonous  jaw-destroying  fumes  given  by  ordinary  phosphorus. 

Quantivalence.' — The  atom  of  phosphorus  is  quinquivalent,  as 
seen  in  the  pentachloride  (PCL)  and  oxychloride  (PCI3O) ;  but  it 
often  exhibits  trivalent  activity,  as  seen  in  the  trichloride  (PCI3) 
and  trihydride  (PII3). 

Molecular  weight,  —  Phosphorus  is  an  exception  to  the  rule 
that  the  atomic  weights  (in  grains,  grammes,  etc.)  of  elements 
occupy  similar  volumes  of  vapour  at  similar  temperatures,  the 
equivalent  weight  of  phosphorus  (31)  only  giving  half  such  a 
volume.  Hence  while  the  molecular  weights,  that  is,  double  the 
atomic  weights,  of  oxygen  (0^=32),  hydrogen  (11^  =  2),  nitrogen 
(1^2  =  28),  etc.  give  a  similar  bulk  of  vapour  at  any  given  tern- 
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peratnre,  the  double  atomic  weight  of  phosphorus  (P^  =  62)  only 
gives  half  this  bulk ;  that  is,  four  times  the  atomic  weight  of 
phosphorus  must  be  taken  to  obtain  the  whole  bulk.  It  would 
appear  therefore  that  the  molecule  of  phosphorus  contains  four 
atoms  (P^=124).  As  with  sulphur,  however,  phosphorus  in  the 
state  ordinarily  known  to  us  may  be  abnormal,  and  a  variety  yet 
be  found  in  which  the  molecular  weight  is  double  the  atomic 
weight. 

Phosphoric  Acid. 

The  chief  use  of  phosphorus  in  pharmacy  is  in  the  formation 
of  Diluted  Phosphoric  Acid.  Phosphorus  is  boiled  with  nitric 
acid  and  water  until  dissolved.  The  solution,  evaporated  to  a 
low  bulk  to  remove  nitrous  compounds,  and  rediluted  so  as  to  con- 
tain nearly  14  (13-8)  per  cent,  of  acid  (H3POJ,  equivalent  to  10 
per  cent,  of  phosphoric  anhydride  (P^O^)^  constitutes  the  Acidum 
Pliosplioricum  Dilutum,  B.  P.,  a  colourless  sour  liquid  of  specific 
gravity  1*08.  If  the  necessary  appliances  are  at  hand,  four  or  five 
ounces  of  this  acid  may  be  prepared  by  the  official  process  as  fol- 
lows : — A  quarter  of  a  pint  is  made  by  boiling  together,  in  a 
retort  attached  to  a  Liebig's  condenser,  103  grains  of  phosphorus, 
1 J  fluid  ounce  of  the  official  nitric  acid,  and  2  ounces  of  water. 
When  about  1  oz.  of  water  has  distilled  over  it  should  be  returned 
to  the  retort,  and  the  operation  repeated  until  the  phosphorus  has 
disappeared. 

3P,  +   2OIINO3   +   8H,0  =  ISHgPO^   +  20m 

Phos-  Nitric  acid.  Water,  Phosphoric  Nitric 

phorus.  acid.  oxide. 

The  liquid  remaining  in  the  retort  is  then  transferred  to  a  dish 
(preferably  of  platinum),  evaporated  down  to  about  half  an  ounce, 
and,  lastly,  diluted  with  distilled  water  to  5  fluid  ounces. 

The  use  of  the  water  in  this  process  is  to  moderate  the  reaction. 
Strong  hot  nitric  acid  oxidizes  phosphorus  with  almost  explosive 
rapidity,  hence  the  acid  must  be  diluted  in  the  first  instance, 
and  be  rediluted  from  time  to  time  to  prevent  its  becoming  too 
strong  by  loss  of  water.  Deficiency  of  nitric  acid  must  also  be 
avoided,  or  some  phosphorus  acid  (H^PHOg)  will  be  formed. 
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Eccperimental  process. — A  flask,  in  the  neck  of  which  a  funnel 
is  inserted  and  a  second  funnel  inverted,  so  that  its  month  rests 


within  the  mouth  of  the  first,  is  an  efficient  and  convenient  ar- 
rangement of  apparatus  for  this  process^  especially  if  the  operation 
be  conducted  slowly. 

Solution  of  phosphoric  acid  evaporated  leaves  a  residue  which 
melts  at  a  low  red  heat,  yielding  pyropliospTioric  acid,  and,  finally, 
metapliosphoric  acid  {Glacial  Phosphoric  Acid). 

Quantivalence. — The  elements  represented  by  the  formula  PO^ 
are  those  characteristic  of  phosphates.  The  grouping  is  trivalent ; 
hence  there  may  exist  trimetallic  or  normal  phosphates  (M'gPO  J, 
dimetallic  acid  phosphates  (M'^HPOJ,  monometallic  acid  phos- 
phates (M'H^POJ,  and,  lastly,  trihydric  phosphate  (H3POJ, 
or  common  phosphoric  acid.  These  are  the  ordinary  phosphates 
met  with  in  nature  or  used  in  pharmacy ;  the  rarer  pyrophos- 
phates and  metaphosphates,  as  well  as  the  phosphites  and  hypo- 
phosphites,  will  be  mentioned  subsequently. 


First  Analytical  Reaction. — To  an  aqueous  solution  of  a  phos- 
phate {e.g.  JN'a^HPO^)  add  solution  of  sulphate  of  magnesium 
with  which  chloride  of  ammonium  and  ammonia  have  been  mixed ; 
a  white  crystalline  precipitate  of  ammonio-magnesian  phosphate 


Fig.  40. 


Analytical  Reactions  {Tests), 


falls  (MgAmPOJ. 
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Chloride  of  ammonium  is  added  to  prevent  the  precipitation  of 
hydrate  of  magnesium.  Arseniates,  which  have  close  analogy  to 
phosphates,  give  a  similar  precipitate  with  the  magnesian  reagent. 

Second  Analytical  Reaction. — To  a  neutral  aqueous  solution  of 
a  phosphate  add  solution  of  nitrate  of  silver  ;  light  yellow  phos- 
phate of  silver  (AggPO^)  is  precipitated.  To  a  portion  of  the 
precipitate  add  ammonia ;  it  dissolves.  To  another  portion  add 
nitric  acid ;  it  dissolves.  By  this  reaction  phosphates  may  be 
distinguished  from  their  close  allies  the  arseniates,  arseniate  of 
silver  being  of  a  chocolate  colour. 

Third  Analytical  Reaction^ — To  a  solution  (in  a  few  drops  of 
acid)  of  a  phosphate  insoluble  in  water  (e.  g,  Ca32PO^)  add  an 
alkaline  acetate  (easily  made  by  adding  to  soda  or  ammonia  in  a 
test-tube  excess  of  acetic  acid),  and  then  a  drop  or  two  of  solution 
of  perchloride  of  iron;  yellowish-white  ferric  phosphate  (Fe^2P0^) 
is  precipitated.  Too  much  of  the  ferric  chloride  must  not  be 
added,  or  ferric  acetate  will  be  produced,  in  which  ferric  phosphate 
is  to  some  extent  soluble. 

To  remove  the  whole  of  the  phosphoric  radical  from  the  solution 
add  ferric  chloride  so  long  as  a  precipitate  is  produced,  and  boil ; 
ferric  phosphate  and  oxyacetate  are  precipitated. 

To  obtain  confirmatory  evidence  of  the  presence  of  phosphate 
in  this  precipitate  and  to  separate  the  phosphoric  radical  as  a 
pure  unmixed  phosphate,  collect  the  precipitate  on  a  filter,  wash, 
drop  some  solution  of  ammonia  on  it,  then  sulphydrate  of  ammo- 
nium, and  finally  wash  with  water ;  black  ferrous  sulphide 
remains  on  the  filter,  while  phosphate  of  ammonium  occurs  in 
the  filtrate.  To  the  filtrate  add  a  mixture  of  solutions  of  sul- 
phate of  magnesium  and  chloride  of  ammonium,  and  well  stir ; 
ammonio-magnesian  phosphate  is  precipitated. 

Fourth  Analytical  Reaction. — To  diluted  nitric  acid  add  a  little 

phosphate  of  calcium  (or  any  other  phosphate)  and  then  solution 

E  5 
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of  molybdate  of  ammonium,  and  gently  lieat ;  a  yellow  precipitate 
falls. 

This  precipitate  contains  what  is  termed  phospho-molybdic  acid, 
but  is  a  mixture  of  molybdic  acid  with  phosphoric  acid  (about  4 
per  cent,  of  HgPO^)  and  ammonia  (nearly  7  per  cent.). 

Molybdate  of  ammonium  is  obtained  by  roasting  the  native 
sulphide  of  molybdenum  (MoS^)  to  molybdic  oxide  or  anhydride 
(M0O3),  dissolving  the  latter  in  water,  adding  ammonia,  evapo- 
rating, and  crystallizing. 

Molybdates  having  the  following  formulae  (M=l  univalent 
atom  of  any  metal)  have  been  obtained  ; — M^MoO^ ;  MHMoO^ ; 
MHMoO^,  H^MoO^. 

Note. — The  foregoing  two  reactions  are  useful  in  the  analysis  of 
bone-earth,  of  other  earthy  phosphates,  phosphate  of  iron,  and  all 
phosphates  insoluble  in  water.  Only  arseniates  give  similar 
appearances  ;  but  the  acid  solution  of  these  may  be  decomposed 
by  agitation  with  sulphurous  acid,  ebullition,  and  subsequent 
treatment  with  sulphuretted  hydrogen — arsenious  sulphide,  As^Sg, 
being  then  precipitated. 

Other  Analytical  Ueactions, — Solutions  of  barium  and  calcium 
salts  give,  with  aqueous  solutions  of  phosphates,  white  precipi- 
tates of  the  respective  phosphates  EaHPO^,  or  Ea32P0^,  and 
CaHP04,  or  Ca32PO^,  all  of  which  are  soluble  in  acetic  and  the 
stronger  acids. 


QUESTIO^^S  A^s^D  EXEECISES. 

560.  State  the  source  of  phosphorus. 

561.  Give  equations  or  diagrams  explanatory  of  the  isolation 
of  phosphorus  from  its  natural  compounds. 

562.  What  is  the  composition  of  farmers'  "  superphosphate," 
and  how  prepared  ? 

563.  Enumerate  the  properties  of  phosphorus. 

564.  Mention  some  solvents  of  phosphorus. 

565.  How  is  the  official  Diluted  Phosphoric  Acid  made  ? 

566.  Describe  the  precautions  necessary  to  be  observed  in 
making  this  acid. 

567.  What  is  the  strength  of  the  official  acid  ? 
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568.  Write  formulse  illustrative  of  all  classes  of  orthoplios- 


569.  Mention  the  chief  tests  for  soluble  and  insoluble  plios- 
phates. 

570.  By  what  reactions  may  phosphates  be  distinguished  from 
arseniates  ? 


Yan-adiitm,  Y,  51*3,  is  a  very  rare  element,  and  is  here  men- 
tioned only  because  of  its  exceedingly  interesting  relationship  to 
nitrogen,  phosphorus,  and  arsenicum.  Discovered,  but  not  iso- 
lated, by  Sefstrom,  and  its  compounds  investigated  by  Berzelius, 
it  has  only  recently  been  obtained  in  the  free  state  and  fully 
studied  by  Eoscoe. 

N,0„  N,0„  N,03,  F,0„  N,0.       V,0„  V,0„  V.O,,  V,0„  V,0. 

Orthophosphates .  .  B-'gPO^  Orthovanadates .  .  R'gYO^ 
Pyrophosphates  .  .  E'^P^O^  Pyro vanadates  .  .  E'^Y^O^ 
Metaphosphates  ..  E'POg         Metavanadates  ..E'YOg 

Isomorphous  Minerals, 

Apatite    3(Ca32POJ,  CaFl, 

Pyromorphite   3(Pb32POJ,  PbCl^ 

Mimetesite   3(Pb32AsOJ,  PbCI^ 

Yanadinite    3(Pb32Y0J,  PbCl^ 


BORACIC  ACID  AND  OTHER  BOEATES. 

Formula  of  Boracic  Acid  II3BO3.    Molecular  v^eight  62. 

The  composition  of  artificial  boracic  acid  is  expressed  by  the 
formula  H3BO3 ;  but  at  a  temperature  of  212°  P.  this  body  loses 
the  elements  of  water  and  yields  metaboracic  acid,  HBO^.  The 
latter  acid  exists  in  the  jets  of  steam  (  fumerolles  or  suffioni)  that 
issue  from  the  earth  in  some  districts  of  Tuscany,  and  collects  in 
the  water  of  the  lac/oni  (lagoons  or  little  lakes)  formed  at  the 
orifice  of  the  steam- channel.  This  acid  liquid,  evaporated  by  aid 
of  the  waste  natural  steam  and  neutralized  by  carbonate  of 
sodium,  gives  common  borax  (2N'aB02,  2HBO2,  ^^2^)'  Possibly 
an  acid  metaborate  of  sodium  with  water  of  crystallization.  It 
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occurs  "  in  transparent  colourless  crystals,  sometimes  slightly 
effloresced,  with  a  weak  alkaline  reaction ;  insoluble  in  rectified 
spirit,  soluble  in  water."  I^ative  borax,  or  timed,  and  other  bo- 
rates, are  also  found  in  Thibet,  N'evada,  Peru,  Chili,  and,  recently, 
in  California.  Eused  borax  readily  dissolves  metallic  oxides,  as 
will  have  been  already  noticed  in  testing  for  cobalt  and  man- 
ganese. Hence,  besides  its  use  in  medicine  {Borax  ;  Mel  Boracis, 
B.  P.,  and  Glycerinum  Boracis,  B.  P.),  it  is  employed  as  a  flux  in 
refining  and  other  metallurgic  and  ceramic  operations. 

Quantivalence. — The  boracic  radical  is  trivalent  (BO3'"),  the 
metaboracic  univalent  (BO^') ;  they  have  not  been  isolated. 

The  element  horon,  like  carbon,  occurs  in  the  amorphous,  gra- 
phitoidal,  and  crystalline  conditions.  It  is  a  trivalent  element 
(B'"),  yielding  definite  salts,  such  as  the  chloride  (BCI3)  and 
fluoride  (BP3).    Its  atomic  weight  is  11. 

Eeactions. 

First  Synthetical  Reaction. — To  a  hot  solution  of  a  crystal  of 
borax  add  a  few  drops  of  sulphuric  acid  and  set  aside;  on 
cooling,  crystalline  scales  of  boracic  acid  (HgBOg)  are  deposited. 
They  may  be  purified  by  collecting  on  a  filter,  slightly  washing, 
drying,  digesting  in  hot  alcohol,  filtering,  and  setting  aside  ; 
pure  boracic  acid  (B.  P.)  is  deposited.  The  acid  may  also  be 
recrystallized  from  water.  Fifty  grains  dissolved  in  one  ounce 
of  rectified  spirit  constitutes  "  Solution  of  Boracic  Acid,"  B.  P. 

When  heated,  these  crystals  lose  water  and  yield,  first,  meta- 
boracic acid  (HBO^),  and  subsequently,  when  fused,  boracic 
anhydride  (B^Og). 

Boracic  acid  is  a  very  weak  compound.  It  only  slowly  decom- 
poses carbonates,  and  resembles  alkaline  substances  in  colouring 
turmeric  brown.  Indeed  the  alkalinity  of  borax  is  as  great  as  if  it 
contained  no  acidulous  radical.    Boracic  acid  is  an  antiseptic. 

Second  Synthetical  Reaction. — Mix  together  1  part  of  boracic 
acid,  4  of  acid  tartrate  of  potassium,  and  10  or  20  of  water ; 
evaporate  to  a  syrupy  consistence,  spread  on  plates,  and  set  aside 
for  dry  scales  to  form.    The  resulting  substance  is^  in  water, 
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far  more  readily  soluble  than  either  of  its  constituents,  and  is 
known  as  horo -tartrate  of  potassium,  soluble  tartar,  or  soluble 
cream  of  tartar.  The  Prussian  tartarus  horaooatus  differs  from 
the  foregoing  French  variety  in  containing  1  part  of  borax  to  3 
of  acid  tartrate  of  potassium. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction. — Dip  a  piece  of  turmeric  paper 
(paper  soaked  in  tincture  of  turmeric  tubers  and  dried)  into  a 
solution  of  boracic  acid ;  it  is  coloured  brown-red,  as  by  alkalies. 

The  usual  way  of  applying  this  test  is  as  follows  : — Add  to  a 
solution  of  any  borate  a  few  drops  of  hydrochloric  acid,  immerse 
half  of  a  slip  of  turmeric  paper  in  the  liquid,  then  remove  the 
hydrochloric  acid  by  drying  the  paper  over  a  flame.  Concentrated 
hydrochloric  acid  and  ferric  chloride  produce  a  somewhat  similar 
effect. 

Second  Analytical  Reaction. — To  a  fragment  of  a  borate  or 
metaborate  (borax,  for  example)  in  a  small  dish  or  watch-glass 
add  a  drop  of  sulphuric  acid  and  then  a  little  alcohol,  warm  the 
mixture  and  set  light  to  the  spirit ;  the  resulting  flame  will  be 
tinged  of  a  greenish  colour  at  its  edges  by  the  volatilized  meta- 
boracic  acid  or  boracic  anhydride. 

The  liquid  should  be  well  stirred  while  burning.  Salts  of 
copper  and  some  metallic  chlorides  produce  a  somewhat  similar 
colour. 

Otlier  Analytical  Reactions. — In  solutions  of  borax  barium 
salts  give  a  white  precipitate  of  barium  metaborate  (Ea2B02) 
soluble  in  acids  and  alkaline  salts.  I^itrate  of  silver  gives  meta- 
borate of  silver  (AgBO^),  soluble  in  nitric  acid  and  in  ammonia. 
Chloride  of  calcium,  if  the  solution  is  not  too  dilute,  gives  white 
borate  of  calcium. 
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QUESTIOI^S  AjS^D  EXERCISES. 

571.  Illustrate  the  relation  of  vanadium  to  nitrogen  by  for- 
mulae of  compounds  of  each,  element. 

572.  Describe  the  preparation  of  borax. 

573.  Give  the  formulse  of  boracic  acid,  metaboracic  acid,  and 
borax. 

574.  Mention  the  tests  for  borates  or  metaborates. 


The  foregoing  acids  and  other  salts  contain  the  only  acidulous 
radicals  that  are  commonly  met  ivith  in  analysis  or  hi  ordinary 
medical  or  pharmaceutical  operations.  There  are,  hoiuever,  many 
others  ivhich  occasionally  present  themselves.  The  chief  of  these 
will  now  he  shortly  noticed;  they  are  arranged  in  alphabetical 
order  to  facilitate  reference. 


SALTS  OF  RAEEE  ACIDULOUS  EADICALS. 

Benzoic  Acid  (HC^HgO^)  aitd  other  Benzoates. — Slowly  heat 
a  fragment  of  benzoin  (Grum  Benjamin)  (Benzoinum,  B.  P.)  in  a 
test-tube ;  benzoic  acid  (Acidum  Benzoicum,  B.  P.)  rises  in 
vapour  and  condenses  in  small,  white,  feathery  plates  and  needles 
on  the  cool  sides  of  the  tube.  If  the  benzoin  is  first  mixed  with 
twice  its  weight  of  sand  or  roughly  powdered  pumice-stone,  and 
the  heat  very  cautiously  applied,  the  product  will  be  less  likely 
to  be  burnt,  and  a  larger  quantity  be  obtained.  By  repeated 
sublimation  10  to  15  per  cent,  may  be  obtained. 

A  more  economical  process  is  to  boil  the  benzoin  with  one 
fourth  its  weight  of  lime,  filter,  concentrate,  decompose  the 
solution  of  benzoate  of  calcium  by  hydrochloric  acid,  collect  the 
precipitated  benzoic  acid,  press  between  paper,  dry,  and  sublime 
in  a  tube  or  other  vessel. 

2H:C,K0,    -h    Ca2H0    =    Ca2C,Hp^      +  SH^ 

Benzoic  acid  Hydrate  of  Benzoate  of  Water, 

(impure).  calcium.  calcium. 
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Ca2C,H,0,    +    2HC1    =    CaCl,    +  2HaK0^ 

Benzoate  of  Hydrochloric       Chloride  of  Benzoic  acid 

calcium.  acid.  calcium.  (pure). 

There  is  always  associated  with  the  product  a  minute  quantity 
of  a  volatile  oil  (styrol  ?)  of  agreeable  odour,  suggesting  that 
of  hay. 

Eenzoic  acid  is  also  prepared  on  a  large  scale  artificially  from 
naphthalin,  one  of  the  crystalline  by-products  in  the  distillation 
of  coal  for  gas.  The  naphthalin  is  oxidized  by  nitric  acid  to 
naphthalic  or  phthalic  acid : — 

C,,H,    +    40,    =    H,CAO,    +  HAO, 

iN'aphthalin.         Oxygen.  Phthalic  acid.  Oxalic  acid. 

The  phthalic  acid  is  neutralized  by  lime  and  the  phthalate  of 
calcium  heated  with  hydrate  of  calcium  in  a  covered  vessel  at  a 
temperature  of  about  640°  E.  for  several  hours.  Benzoate  and 
carbonate  of  calcium  are  formed,  and,  from  the  powder,  the  benzoic 
acid  set  free  by  action  of  hydrochloric  acid. 

2CaC,H:,0^    +    Ca2H0    =    Ca2C,Hp^    +  2CaC03 

Phthalate  of  Hydrate  of  Benzoate  of  Carbonate  of 

calcium.  calcium.  calcium.  calcium. 

The  crystalline  deposit  formed  when  essential  oil  of  almonds 
(hydride  of  benzoyl  or  benzoic  aldehyd)  is  exposed  to  the  air  is 
benzoic  acid. 

2C,KGH    +    0,    =    2C,B:,0H0  or  2HC,K0^ 

Hydride  of  Oxygen.  Hydrate  of  Benzoic 

benzoyl.  benzoyl.  acid. 

Benzoic  acid  is  also  obtained  from  hippuric  acid  (p.  378). 

Benzoate  of  Ammonium, — To  a  little  benzoic  acid  add  a  few 
drops  of  solution  of  ammonia  ;  it  readily  dissolves,  forming  ben- 
zoate of  ammonium  (Ammonice  Benzoas,  B.  P.)  (NH^C^H.O^). 

Benzoic  acid.  Ammonia.  Benzoate  of  Water, 

ammonium. 

On  evaporation,  acid  crystals  or,  ammonia  being  added,  neutral 
crystals  of  benzoate  of  ammonium  are  deposited. 

Properties. — Benzoic  acid  is  also  soluble  in  other  alkaline 
liquids,  forming  benzoates.    It  is  slightly  soluble  in  cold  water, 
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more  so  in  hot,  and  readily  soluble  in  rectified  spirit.  It  melts 
at  248°  F.  and  boils  at  462°,  volatilizing  with  only  a  slight 
residue. 

Tests. — The  following  are  the  tests  for  benzoic  acid : — To  a 
portion  of  the  above  solution  of  benzoate  of  ammonium  add  a 
drop  or  two  of  sulphuric  or  hydrochloric  acid ;  a  white  crystal- 
line precipitate  of  benzoic  acid  separates.  To  another  portion, 
carefully  made  neutral,  add  a  drop  or  two  of  neutral  solution  of 
perchloride  of  iron  ;  reddish  ferric  benzoate  is  precipitated. 

Cinnamic  acid  (CgllgO^). — Benzoic  acid  is  distinguished  from 
an  allied  body,  cinnamic  acid  (occurring  in  Balsams  of  Peru, 
Tolu,  and  Storax,  and  sometimes  in  Benzoin),  by  not  yielding 
hydride  of  benzoyl  (C^H.OH)  (oil  of  bitter  almonds)  when  dis- 
tilled with  chromic  acid — that  is,  with  a  mixture  of  red  chromate 
of  potassium  and  sulphuric  acid. 

Caemii^ic  Acid  (C^^H^^Og). — This  is  the  colouring  principle  of 
cochineal  {Coccus,  B.  P.).  The  carmine  of  trade,  when  unadul- 
terated {vide  Pharmaceutical  Journal,  1859-60,  p.  546),  is  car- 
minic  acid  united  with  about  five  per  cent,  of  alumina,  or,  occa- 
sionally, of  oxide  of  tin  or  albumen.  It  should  be  wholly  soluble 
in  solution  of  ammonia.  Carmine,  with  French  chalk,  or  starch, 
constitutes  face-rouge  or  animal  rouge, 

Merrick  tests  the  relative  value  of  several  samples  of  cochineal 
or  carmine  by  observing  how  much  solution  of  permanganate  of 
potassium  is  required  to  change  the  colour  of  a  decoction  to  faint 
pink. 

Ceteaeic  Acid  (112^34113^0^5)  is  the  bitter  principle  of  Iceland 
"moss"  {Cetraria,B.  P.).  In  the  lichen  it  is  associated  with 
much  starch. 

Cheysophakic  Acid  (C^gllyO^  ?). — This  acid  is  the  chief  colour- 
ing-matter of  various  species  of  rhubarb-root  {Ehei  Radix ^  B.  P.) 
and  parmelia.  The  author  also  finds  it  to  form  four  fifths  of 
"  Chrysarobine,"  a  name  given  by  Kemp  to  the  pith,  etc.  of  a 
leguminous  tree.  Chrysarobine  is  also  known  as  Araroba  Powder, 
Bahia  Powder,  Brazil  Powder,  Goa  Powder,  and  Eingworm 
Powder.  Chrysophanic  acid  may  be  obtained  in  crystals  of  a 
golden-yellow  colour,  hence  the  name  (from  ^pvcros,  chrusos,  gold, 
and  (^atVw,  jphaino^  I  shine).    Its  synonyms  are  EJiaponticin, 
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Rheic  acid,  jRhein^  Hheumin,  HJiuharharic  acid^  Rlmharharin^ 
Uumicin,  Chrysopbanic  acid,  black,  red-brown,  and  red  resins 
{Apo7''etine^  PJiceoretine,  and  Erytliroretine)^  a  bitter  principle,  and 
tannic  acid  are  considered  to  be  the  conjoint  source  of  tbe  thera- 
peutic properties  of  rhubarb. 

Cyanic  Acid  (HCyO)  ai^d  other  Ctai^^ates. — The  valuable 
reducing-power  of  cyanide  of  potassium  (KCy)  (or  ferrocyanide, 
K^Pcy)  on  metallic  compounds  is  due  to  the  avidity  with  which 
cyanate  (KCyO)  is  formed. 

Process. — Euse  a  few  grains  of  cyanide  of  potassium  in  a  small 
porcelain  crucible,  and  add  powdered  oxide  of  lead ;  a  globule  of 
metallic  lead  is  at  once  set  free,  excess  of  the  oxide  converting 
the  whole  of  the  cyanide  of  potassium  into  cyanate  of  potassium. 

Urea. — Cyanate  of  potassium  (KCJ^O),  or,  better,  cyanate  of 
lead  (Pb2CN0),  treated  with  sulphate  of  ammonium,  yields  cya- 
nate of  ammonium  (NH^CNO) ;  and  solution  of  cyanate  of  am- 
monium, when  simply  heated,  changes  to  artificial  urea  (CH^F^O), 
the  most  important  constituent  of  urine,  and  the  chief  form  in 
w^hich  the  nitrogen  of  food  is  eliminated  from  the  animal  system. 
The  process  will  be  more  fully  described  subsequently  in  con- 
nexion with  urea. 

FoEMic  Acid  (HCHO^). — The  red  ant  {Formica  rufa)  and 
several  other  insects,  when  irritated,  eject  a  strongly  acid,  acrid 
liquid,  having  a  composition  expressed  by  the  above  formula,  and 
which  has  appropriately  received  the  name  of  formic  acid ;  it  is 
also  contained  in  the  leaves  of  the  stinging-nettle. 

Process. — It  may  be  artificially  prepared  by  heating  equal 
weights  of  oxalic  acid  and  glycerine  to  a  temperature  of  from 
212°  F.  to  220°  for  fifteen  hours.  The  glycerine  has,  apparently, 
no  chemical  action,  but,  for  some  unknown  reason,  induces  de- 
composition of  the  oxalic  acid  at  a  lower  temperature  than  would 
otherwise  be  necessary ;  at  a  higher  temperature  the  formic  acid 
itself  is  decomposed.  On  distilling  the  mixture  with  water  the 
formic  acid  slowly  passes  over.  The  dilute  acid  may  be  concen- 
trated by  neutralizing  with  carbonate  of  lead,  filtering,  evapora- 
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ting  to  a  small  bnlk,  collecting  the  deposited  crystalline  formate 
of  lead,  drying,  decomposing  in  a  current  of  sulphuretted  hydro- 
gen, and  separating  the  resulting  syrupy  acid,  or  distilling  the 
formate  of  lead  with  strong  sulphuric  acid. 

H,aO,    =    HCHO,    +  CO, 

Oxalic  Formic  Carbonic 

acid.  acid.  acid  gas. 

Formic  Acid  may  be  instructively  though  not  economically 
prepared  by  the  oxidation  of  methylic  alcohol  (wood-spirit),  just 
as  acetic  acid  and  valerianic  acid  are  obtained  from  ethylic  alcohol 
and  amylic  alcohol  respectively. 

CH3HO    +    0,    =    HCHO,    -f-  H^O 

Wood-  Oxygen.  Formic  Water, 

spirit.  acid. 

Tests. — Pormic  acid  does  not  char  when  heated  alone  or  with 
sulphuric  acid,  but  splits  up  into  carbonic  oxide  gas  and  water.  It 
is  recognized  by  this  property  and  by  its  reducing- action  on  salts 
of  gold,  platinum,  mercury,  and  silver.    It  is  solid  below  32°  P. 

Gallic  Acid. — See  Tannic  Acid. 

Hemidesmic  Acid. — The  supposed  active  principle  of  hemi- 
desmus  root  {Hemidesmi  Badi^c,  B.  P.). 

HippuRic  Acid  (HC^^H^I^Og)  is  a  constituent  of  human  urine 
(much  increased  on  taking  benzoic  acid),  but  is  best  prepared 
from  the  urine  of  the  horse  (hence  the  name,  from  '/ttttos,  hippos^ 
a  horse),  or,  better,  from  that  of  the  cow.  To  such  urine  add  a 
little  milk  of  lime,  boil  for  a  few  minutes,  remove  precipitated 
phosphates  by  filtration,  drop  in  hydrochloric  acid  until  the 
liquid,  after  well  stirring,  is  exactly  neutral  to  test-paper,  con- 
centrate to  about  one  eighth  the  original  bulk,  and  add  excess  of 
strong  hydrochloric  acid ;  impure  hippuric  acid  is  deposited. 
Prom  a  solution  of  the  impure  acid  in  hot  water  chlorine  gas 
removes  the  colour,  and  the  liquid  deposits  crystals  of  pure  hip- 
puric acid  on  cooling.  Its  constitution  is  that  of  benzoic  glycocine^ 
C,H,H,(C,H,0)NO,  _ 

Tests. — To  a  solution  of  hippurate  add  neutral  solution  of 
ferric  chloride ;  a  brown  precipitate  (ferric  hippurate)  results. 
Salts  of  silver  and  mercury  give  white  precipitates.  Heat  hippuric 
acid  in  a  test-tube  ;  it  chars,  benzoic  acid  sublimes,  and  vapours 
of  characteristic  odour  are  evolved ;  they  contain,  amongst  other 
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bodies,  hj^drocyanic  acid  and  a  substance  smelling  somewhat  like 
Tonka  bean.  The  crystalline  form  of  hippuric  acid  is  charac- 
teristic ;  it  wiU  be  described  in  connexion  with  the  subject  of 
urine. 


aUESTIOT^S  AND  EXEECISES. 

575.  Give  the  preparation,  composition,  properties,  and  tests 
of  benzoic  acid,  employing  equations  or  diagrams. 

576.  What  is  the  nature  of  carmine  ? 

577.  IN'ame  the  bitter  principle  of  Iceland  "  moss." 

578.  Mention  the  colouring  principle  of  rhubarb. 

579.  To  what  is  rhubarb  considered  to  owe  its  medicinal 
activity  ? 

580.  How  is  cyan  ate  of  potassium  prepared,  how  converted 
into  an  ammonium  salt,  and  what  are  the  relations  of  the  latter 
to  urea  ? 

581.  Give  the  formulse  of  cyanic  acid,  cyanate  of  ammonium, 
and  urea. 

582.  What  is  the  chemical  formula  of  formic  acid  ? 

583.  Describe  the  artificial  production  of  formic  acid, 

584.  Describe  the  relation  of  formic  acid  to  wood-spirit. 

585.  State  the  sources,  characters,  and  tests  of  hippuric  acid. 


Hydeofeeeocyai^ic  Acid  (H^Fe'^Cyg,  or  H^Fcy"")  and  other 
Eeeeocyanides, — The  ferrocyanide  of  most  interest  is  that  of 
potassium,  the  "  j^ellow  prussiate  of  potash  "  (Potassm  Prussias 
Flava,  B.  P.)  (K^FeCgN^^  3Hp),  the  formation  of  which  was 
alluded  to  in  connexion  with  hydrocyanic  acid  (see  page  309). 
It  cannot  be  regarded  as  simply  a  double  salt  of  cyanide  of 
potassium  with  cyanide  of  iron  (EeCy^,  4KCy),  its  chemical  pro- 
perties being  entirely  different  from  either  of  those  substances ; 
moreover,  unlike  cyanide  of  potassium,  it  is  not  poisonous.  Most 
of  its  reactions  point  to  the  conclusion  that  its  iron  and  cyanogen 
are  intimately  united  to  form  a  definite  quadrivalent  radical 
appropriately  termed  ferrocyanogen  (EeCyg,  or  Ecy).  One  part 
of  ferrocyanide  of  potassium  in  20  of  water  forms  the  official 
"  Solution  of  Yellow  Prussiate  of  Potash/'  B.  P. 

Tests. — Many  of  the  ferrocyanides  are  insoluble,  and  are 
therefore  precipitated  when  solution  of  ferrocyanide  of  potas- 
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sium  is  added  to  the  various  salts.  Those  of  iron  and  copper 
being  of  characteristic  colour,  are  adopted  as  tests  of  the  pre- 
sence of  the  metals  or  of  the  ferrocyanogen,  as  the  case  may 
he.  To  solution  of  ferrocyanide  of  potassium  add  a  ferric  salt ; 
ferrocyanide  of  iron  (Pe^Fcyg)  (Prussian  blue)  is  precipitated. 
To  another  portion  add  solution  of  a  copper  salt ;  reddish-brown 
ferrocyanide  of  copper  (Cu^Fcy)  is  precipitated. 

Note. — The  ferrocyanogen  in  ferrocyanide  of  potassium  is 
broken  up  when  the  salt  is  heated  with  sulphuric  acid,  carbonic 
oxide  being  evolved  if  the  acid  is  strong  (that  is,  ordinary  oil  of 
vitriol — H^SO^  with  3  to  4  per  cent,  of  water),  and  hydrocyanic 
acid  if  weak : — 

K^FeC^R^,  3H,0  +  3H,0  +  6H^S0,  =  2X^80,  -f-  FeSO, 
+  3(raj,S0,  +  6C0. 

2K,FeCy3  -|-  6H,S0,  +  xH^O  =  FeKJeCy^  -{-  6KHS0, 
-1-  eilCy  +  xH^O." 

Hydrocyanic  Acid  has  already  been  described.    (Vide  p.  310.) 

Carbonic  Oxide  (CO). — Heat  two  or  three  fragments  of  ferro- 
cyanide of  potassium  with  eight  or  ten  times  their  weight  of  sul- 
phuric acid,  and,  as  soon  as  the  gas  begins  to  be  evolved,  remove 
the  test-tube  from  the  flame ;  for  the  action,  when  once  set  up, 
proceeds  somewhat  tumultuously.  Ignite  the  carbonic  oxide  at 
the  mouth  of  the  tube ;  it  burns  with  a  pale  blue  flame,  the  pro- 
duct of  combustion  being  carbonic  acid  gas  (CO^). 

Carbonic  oxide  is  a  direct  poison.  It  is  generated  whenever 
coke,  charcoal,  or  coal  burns  with  an  insufficient  supply  of  air. 
Hence  the  danger  of  open  fires  in  the  more  or  less  closed  apart- 
ments of  ordinary  dwellings. 

Carbonic  oxide  may  also  be  obtained  from  oxalic  acid.  (  Vide 
p.  354.) 

Hydeofereidctai^ic  Acid  (ngFe'^'^Cy^^'  H^gFdcy^^)  ai^d 
OTHEE  Feeeidcyanides. — Pass  chlorine  gas  slowly  through  solu- 
tion of  ferrocyanide  of  potassium  until  the  liquid,  after  frequent 
shaking,  ceases  to  give  a  blue  precipitate  when  a  minute  portion 
is  taken  out  on  the  end  of  a  glass  rod  and  brought  into  contact 
with  a  drop  of  a  dilute  solution  of  a  ferric  salt ;  it  now  contains 
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ferridcyanide  of  potassium  (KQ'Fe"'fij^^^  or  K^^Edcy^'^),  7rd 
prussiate  of  potash  (B.  P.),  as  it  is  termed,  from  the  colour  of  its 
crystals.  Excess  of  chlorine  must  be  carefully  avoided,  as  chloride 
of  cyanogen  and  other  compounds  are  then  formed. 

2K',re"Cy'3  +  CI',  =  2K'Cr  +  K',Fe;"Cy',,. 

Another  process.— To  a  cold  solution  of  yellow  prussiate  of 
potash  so  much  hydrochloric  acid  is  added  as  will  take  two  atoms 
of  potassium  from  two  molecules  of  the  salt,  and  then  a  cold 
clear  solution  of  bleaching- powder  till  ferric  chloride  gives  no 
reaction.  Any  excess  of  acid  is  then  neutralized  with  chalk,  and 
the  solution  evaporated  to  crystallization  (Rhien). 

Note. — The  removal  of  two  atoms  of  potassium  from  the  fer- 
rocyanide  molecules  is  the  only  change  of  composition  that  occurs ; 
but  the  ferrocyanogen  is  altered  in  quality,  its  iron  passing 
from  the  ferrous  to  the  ferric  condition,  from  bivalent  to  trivalent 
activity — altered  to  a  condition  in  which  it  no  longer  precipitates 
ferric  salts,  but  gives  a  dark-blue  precipitate  with  ferrous  salts. 

The  radical  is  distinguished  as  ferriclcyanogen. 

Ferridcyanide  of  potassium  may  also  be  prepared  by  a  modifi- 
cation of  the  foregoing  method  in  which  nascent  instead  of  free 
chlorine  is  employed  (Wenzell).  Take  of  Eichromate  of  Potash 
1  part,  Eerrocyanide  of  Potassium  Cryst.  5*72  parts,  Hydrochloric 
Acid,  of  spec.  grav.  1*16,  3  parts,  by  weight,  Water  60  parts. 
Dissolve  the  two  salts  in  hot  water,  add  the  acid,  heat  to  boiling, 
continuing  the  ebullition,  replacing  the  water  evaporated  during 
the  process  until  a  portion  of  the  filtered  liquid  is  not  precipi- 
tated on  the  addition  of  sesquichloride  of  iron.  When  reaction 
is  completed,  filter  the  liquid,  and  wash  the  hydrate  of 
chromium,  unite  the  liquids,  and  concentrate  to  crystallization. 
If  the  evaporated  liquid  possess  an  acid  reaction,  the  addition  of 
caustic  potash,  in  sufficient  quantity  to  cause  a  weak  alkaline 
reaction,  will  greatly  facilitate  the  subsequent  crystallization. 

6(K,EeCy3)  +  K,Cr,0,  -F  8HC1  =  SCK.Ee.Cy,,) 
-1-  8E:C1  H-  H^O  -h  Cr^GHO. 

Test. — To  a  portion  of  the  solution  add  solution  of  ferrous 
sulphate ;  a  precipitate  falls.  This  precipitate  is  ferridcyanide 
of  iron  (TurnbuU's  blue),  'Fq'\Yq"\Qy\^,  or  Ee^gEdcy^^^. 

KgEdcy  +  3EeS0^  =  ECgEdcy  -|-  3S:^S0,. 
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It  will  be  noticed  that  the  change  in  the  condition  of  the  iron 
keeps  np  the  balance  of  the  atomic  values  of  the  various  parts  of 
the  radicals  or  of  the  salts ;  the  quantivalential  equilibrium  is 
maintained. 

A  solution  of  1  of  ferridcyanide  of  potassium  in  20  of  water 
constitutes  the  "  Solution  of  Eed  Prussiate  of  Potash,"  B.  P. 

Hydeopluoeic  Acid  (HP)  at^d  othee  Fluoeides. — Molecular 
weight  of  HP,  20.  The  chief  use  of  hydrofluoric  acid  is  in 
etching  on  glass.  The  operation,  performed  on  the  small  scale, 
also  constitutes  the  best  test  for  fluorine,  the  elementary  radical 
of  all  fluorides. 

Process  and  Test. — Warm  any  odd  piece  of  window-glass, 
having  an  inch  or  two  of  surface,  until  a  piece  of  beeswax 
rubbed  on  one  side  yields  a  thin  oily  film.  When  cool  make  a 
cross,  letter,  or  other  mark  on  the  glass  by  pressing  a  pointed 
piece  of  wood,  a  penknife,  or  file  through  the  wax.  Place  a  few 
grains  of  powdered  fluor  spar,  the  commonest  natural  fluoride, 
in  a  porcelain  crucible  (or  a  lead  cup),  add  a  drop  or  two  of  sul- 
phuric acid,  cover  the  crucible  with  the  prepared  glass,  waxed 
side  downwards,  and  gently  warm  the  bottom  of  the  crucible  in 
a  fume-chamber  or  in  the  open  air,  in  such  away  as  not  to  melt 
the  w^ax.  After  a  few  minutes  remove  the  glass,  wash  the 
waxed  side  by  pouring  water  over  it,  scrape  off  most  of  the  wax, 
then  warm  the  glass,  and  wipe  off  the  remainder ;  the  marks 
made  through  the  wax  will  be  found  to  be  permanently  etched 
on  the  glass ;  the  acid  has  eaten  into  or  etched  (from  the  German 
dtzen,  to  corrode)  the  glass. 

In  the  above  operation  the  fluoride  of  calcium  and  sulphuric 
acid  yield  hydrofluoric  acid,  thus  : — 

CaP,  -1-  H,SO,  =  CaSO^  +  2HP. 

The  hydrofluoric  acid  gas  and  the  silica  of  the  glass  then  yield 
gaseous  fluoride  of  silicon  (SiP^),  which  escapes,  and  water, 
thus : — 

4HP  +  SiO,  =  2Hp  +  SiP,. 
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The  silica  being  removed  from  the  glass,  leaves  furrows  or  etched 
portions. 

Note. — In  the  experiment  just  described,  the  liberated  hydro- 
fluoric acid  also  attacks  the  siliceous  glazing  of  the  porcelain 
crucible ;  so  that  in  important  cases,  where  search  is  made  for 
very  small  quantities  of  fluorine,  vessels  of  platinum  or  lead  must 
be  employed. 

Uses. — The  aqueous  solution  of  hydrofluoric  acid  used  by 
etchers,  and  commonly  termed  simply  hydrofluoric  acid,  or  fluoric 
acid,  is  prepared  in  leaden  stills  and  receivers,  and  kept  in  leaden 
or  gutta-percha  bottles.  Except  these  materials,  as  well  as  pla- 
tinum and  fluor  spar,  hydrofluoric  acid  rapidly  attacks  any  sub- 
stance of  which  bottles  and  basins  are  usually  made.  It  quickly 
cauterizes  the  skin,  producing  a  painful  slow-healing  sore. 

Quantivalence. — The  atom  of  fluorine,  like  that  of  chlorine, 
bromine,  or  iodine,  is  univalent  (P').  The  great  analogy  existing 
between  these  radicals  extends  to  their  compounds. 

Fluorine  is  said  to  be  a  colourless  gas ;  but,  from  the  avidity 
with  which  it  combines  with  all  elements  (except  oxygen),  it  is 
so  diflicult  of  isolation  as  hitherto  to  preclude  satisfactory  study 
of  its  physical  properties. 

HypoPHOsPHOKous  Acid  (HgPO^,  or  HPH^O^)  and  othee  Hy- 
POPHOSPHTTES. — Boil  together,  in  a  fume  chamber,  a  grain  or  two 
of  phosphorus,  a  few  grains  of  slaked  lime,  and  about  a  quarter  of 
an  ounce  of  water,  until  phosphoretted  hydrogen,  a  spontaneously 
inflammable,  badly  smelling  gas,  ceases  to  be  evolved.  The 
mixture,  filtered,  and  excess  of  lime  removed  by  carbonic  acid 
gas,  yields  solution  of  hypophosphite  of  calcium  (Ca2PIl202) 
(Calcis  HypoipJiospMs,  B.  P.). 

P3  H-  6H,0  +  3CaH,0,  =  3(Ca2PH,0,)  ^  2PH3. 

The  solution,  when  concentrated  by  evaporation,  has  been 
known  to  explode,  probably  from  formation  of  phosphoretted 
hydrogen.  This  may  be  prevented,  it  is  said,  by  evaporating  at 
a  low  temperature,  especially  towards  the  close  of  the  operation ; 
or  by  addmg  alcohol,  which  decomposes  any  traces  of  liquid 
phosphoretted  hydrogen  (PH^)  or  solid  phosphoretted  hydrogen 
(P^H)  which  possibly  may  be  present,  and  to  which  it  is  con- 
ceivable explosion  may  be  due. 
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Phosphor ettecl  hydrogen  (PHg). — The  above  reaction  is  also 
that  by  which  phosphoretted  hydrogen,  the  third  hydride  of 
phosphorus,  may  be  prepared.  If  the  gas  is  to  be  collected,  the 
phosphorus,  and  water  may  first  be  boiled  in  a  flask  until  a  jet  of 
vspontaneously  inflammable  phosphorus  vapour  escapes,  with  steam, 
from  the  end  of  the  attached  delivery-tube.  Strong  hot  solution 
of  caustic  potash  or  soda  is  next  very  gradually  poured  into  the 
flask  through  a  funnel  tube  previously  fitted  into  the  cork,  the 
liquid  being  kept  boiling.  Phosphoretted  hydrogen  is  then 
evolved,  and  if  the  delivery-tube  dip  under  water  may  be 
collected,  or  allowed  to  slowly  pass  up  through  the  water  bubble 
by  bubble  so  as  to  form  the  peculiar  rings  of  smoke  (phosphoric 
anhydride)  characteristic  of  the  experiment. 

Hypophosphite  of  calcium  {Oalcii  Hypophosphis^  U.  S.  P.)  may 
be  obtained  in  crystals  by  evaporation  and  slow  cooling ;  but  the 
solution  is  usually  at  once  evaporated  to  dryness,  a  white  pul- 
verulent salt  being  obtained.  Other  hypophosphites  may  be 
obtained  in  the  same  way  from  other  hydrates^  or  by  double 
decomposition  of  the  calcium  salt  and  carbonates. 

Hypophosphite  of  sodium  (jSTaPH^Og,  Hg^)  (^^^^^  Hypophosphis, 
B.  P.)  is  made  by  decomposing  solution  of  hypophosphite  of  cal- 
cium by  carbonate  of  sodium,  filtering,  and  evaporating  to  dry- 
ness.   It  is  a  white,  granular,  deliquescent  substance. 

Ca2PHp,  +  ITa.COg  =  2N"aPHp,  -1-  CaC03. 

"When  heated,  the  water  is  first  evolved,  then  hydrogen  and 
spontaneously  inflammable  phosphoretted  hydrogen,  and  a  mix- 
ture of  pyrophosphate  and  metaphosphate  of  sodium  remains 
(Eammelsberg). 

5I^aPH,0,  =  lia^P.O,  -|-  I^aP03  +  2PH3  2H^. 

Eypophosphorous  acid^  the  hydrogen  hypophosphite,  may  be 
prepared  by  decomposing  the  calcium  salt  by  oxaHc  acid ;  hypo- 
phosphite of  quinine  by  dissolving  the  alkaloid  in  hypophosphorous 
acid,  or  by  decomposing  sulphate  of  quinine  by  hypophosphite  of 
barium. 

The  hypophosphites  are  often  used  in  medicine  in  the  form  of 
syrups.  The  term  hypophosphite  is  in  allusion  to  the  smaller 
amount  (vtto,  hvpo,  under  or  deficiency)  of  oxygen  in  these  com- 
pounds (E-'gPO^)  tha.n  in  the  phosphites  (E3PO3),  a  class  of  salts 
having  again  less  oxygen  in  their  molecules  than  exists  in  those 
of  the  phosphates  (E3P0^).  The  prefix  hyjoo  has  similar  signifi- 
cance in  such  words  as  hyposulphite  and  hypochlorite. 
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Tests. — To  a  portion  of  the  above  solation  of  hypopliosphite  of 
calcium  add  solution  of  cMoride  of  barium,  chloride  of  calcium,  or 
acetate  of  lead ;  in  neither  case  is  a  precipitate  obtained,  whereas 
soluble  phosphates  and  phosphites  yield  white  precipitates  of 
phosphate  or  phosphite  of  barium,  calcium,  or  lead.  To  other 
portions  add  solutions  of  nitrate  of  silver  and  mercuric  chloride ; 
the  respective  metals  are  precipitated  as  by  phosphites.  To  an- 
other small  portion  add  zinc  and  dilute  sulphuric  acid ;  hydrogen 
and  phosphoretted  hydrogen  are  evolved  as  from  phosphites.  To 
another  portion  add  sufficient  oxalic  acid  to  remove  the  calcium ; 
filter ;  to  the  solution  of  hypophosphorous  acid  add  solution  of 
sulphate  of  copper  and  slowly  warm  the  mixture  ;  solid  brown 
cuprous  hydride  (Cu^H^)  is  precipitated :  increase  the  heat  to  the 
boiling-point ;  hydrogen  is  evolved  and  metallic  copper  set  free. 
Heat  a  small  quantity  of  a  solid  hypophosphite  on  the  end  of  a 
spatula  in  a  fiame ;  it  splits  up  into  pyrophosphate,  a  little  meta- 
phosphate,  hydrogen,  phosphoretted  hydrogen,  and  water,  burning 
with  a  phosphorescent  light,  the  official  hypophosphite  of  calcium 
yielding  about  80  per  cent,  of  residue. 
7(Ca2PHp,)  =  3Ca,P,0,  +  Ca2P03  +  6PH3  +  + 

To  an  acid  solution  of  a  hypophosphite  add  solution  of  per- 
manganate of  potassium.  It  is  instantly  decolorized  in  the  cold. 
The  same  effect  follows  its  addition  to  acid  solution  of  a  phosphite, 
but  not  to  that  of  an  ortho-,  meta-,  or  pyrophosphate. 

Hyposulphtjeous  Acid  (H^S^Og)  ai^d  other  Hyposulphites. — 
The  only  hyposulphite  of  much  interest  in  pharmacy  is  the 
sodium  salt  (Hyposulphite  of  Soda,  B.  P.)  (IN'a.S.Og,  5H,0). 

Process. — Heat  together  gently,  or  set  aside  in  a  warm  place, 
a  mixture  of  solution  of  sulphite  of  sodium  (JN'a^SOg)  and  a  little 
powdered  sulphur ;  combination  slowly  takes  place,  and  hyposul- 
phite of  sodium  is  formed.    The  solution,  filtered  from  excess  of 

sulphur,  readily  yields  crystals.    (The  solution  of  sulphite  of 

s 
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sodium  may  be  made  by  saturating  solution  of  soda  with  sulphu- 
rous acid  gas.) 

Use  of  hyposid]yliite  of  sodium  in  quantitative  analysis. — In  the 
British  Pharmacopoeia  hyposulphite  of  sodium  is  given  as  a  re- 
agent for  the  quantitative  estimation  of  free  iodine  in  volumetric 
analysis.  To  a  few  drops  of  iodine- water  add  cold  mucilage  of 
starch ;  a  deep-blue  colour  (starch  iodide)  is  produced.  To  the 
product  add  solution  of  hyposulphite  of  sodium  until  the  blue 
colour  just  disappears.  This  absorption  of  iodine  is  sufficiently 
definite  and  delicate  to  admit  of  application  for  quantitative  pur- 
poses. It  depends  on  the  combination  of  the  iodine  with  half  of 
the  sodium  in  two  molecules  of  the  hyposulphite,  the  hyposul- 
phurous  radicals  of  the  two  molecules  apparently  coalescing  to 
form  a  new  radical,  the  tetrathionic  (from  rerpas,  tetras,  four, 
and  Oetor,  tlieion,  sulphur), — tetrathionate  of  sodium  (TsTa^S^Og) 
and  iodide  of  sodium  being  formed. 

Sulphur  oxy acids, — It  will  be  as  well  here  to  give  the  formulaD 
of  other  oxyacids  of  sulphur,  forming  with  the  four  already  men- 
tioned a  series  that  is  as  useful  as  the  series  of  compounds  of 
nitrogen  and  oxygen  in  illustrating  the  soundness  of  Ealton's 
atomic  theory. 

Hydrosulphurous  Acid  .  .  H^SO^     Dithionic  Acid  ....  H^S^Og 

Sulphurous  Acid    H^SOg     Trithionic  Acid  ....  H^SgOg 

Sulphuric  Acid   H^SO^     Tetrathionic  Acid  .  .  H^S^Og 

Hyposulphurous  Acid   . .  H^S^Og    Pentathionic  Acid  . .  H^S^Og 

Use  of  "  Hypo  "  in  PJiotograpJiy, — The  sodium  hyposulphite  is 
largely  used  in  photography  to  dissolve  chloride,  bromide,  or 
iodide  of  silver  off  plates  which  have  been  exposed  in  the  camera. 
Prepare  a  little  chloride  of  silver  by  adding  a  chloride  (chloride 
of  sodium)  to  a  few  drops  of  solution  of  nitrate  of  silver.  CoUect 
the  precipitated  chloride  on  a  filter,  wash,  and  add  a  few  drops  of 
solution  of  hyposulphite  of  sodium ;  the  silver  salt  is  dissolved, 
solution  of  double  hyposulphite  of  sodium  and  silver  being  formed. 
The  solution  of  this  double  hyposulphite  has  a  remarkably  sweet 
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taste,  sweeter  than  syrup  if  the  solution  is  strong.  The  double 
hyposulphite  of  sodium  and  gold  is  employed  for  giving  a  pleasant 
tint  to  photographic  prints. 

Test, — To  solution  of  a  hyposulphite  add  a  few  drops  of  dilute 
sulphuric  or  other  acid ;  hyposulphurous  acid  is  set  free,  but  at 
once  begins  to  decompose  into  sulphurous  acid,  recognized  by  its 
odour,  and  free  sulphur  (21128203=252803  +  82).  This  reaction 
constitutes  the  best  test  for  hyposulphites.  Another  good  test  of 
a  soluble  simple  hyposulphite  is  its  power  of  dissolving  chloride 
of  silver  with  production  of  a  more  or  less  sweet  solution. 


QUESTIOJN^S  AND  EXEECISES. 

586.  Give  the  formula  of  ferrocyanide  of  potassium. 

587.  What  is  the  supposed  constitution  of  ferrocyanide  of 
potassium  ? 

588.  Enumerate  the  tests  for  ferrocyanogen. 

589.  What  are  the  respective  reactions  of  ferrocyanide  of 
potassium  with  strong  and  weak  sulphuric  acid  ? 

590.  Mention  and  explain  a  common  source  of  carbonic  oxide 
in  households.    What  is  the  product  of  its  combustion  ? 

591.  Write  equations  or  diagrams  illustrative  of  the  changes 
effected  on  ferrocyanide  of  potassium  during  its  conversion  into 
ferridcyanide. 

592.  By  what  reactions  may  the  presence  of  a  ferridcyanide  in 
a  solution  be  demonstrated  ? 

593.  State  the  difference  between  Prussian  blue  and  Turn- 
bull's  blue. 

594.  Describe  the  source,  mode  of  preparation,  chief  use  of, 
and  test  for  hydrofluoric  acid. 

595.  Illustrate  by  a  diagram  the  preparation  and  composition 
of  hyposulphite  of  sodium. 

596.  Mention  the  uses  and  characteristic  reactions  of  hyposul- 
phite of  sodium. 

597.  Give  the  names  and  formulae  of  eight  acids,  each  con- 
taining hydrogen,  sulphur,  and  oxygen. 
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Lactic  Acid  (H^C.H^Og)  and  othee  Lactates.— When  milk 
turns  sour  its  sugar  has  become  converted  into  an  acid  appropri- 
ately termed  lactic  {lac,  lactis).  Other  saccharine  and  amylaceous 
substances  also  by  fermentation  yield  lactic  acid.  ]^[either  the 
hydrogen  lactate  (lactic  acid)  nor  other  lactates  are  much  used 
in  England. 

Process, — Lactate  of  calcium  and  lactic  acid  may  be  prepared 
as  follows  : — Mix  together  eight  parts  of  sugar,  one  of  common 
cheese,  three  of  chalk,  and  fifty  of  water,  and  set  aside  in  a 
warm  place  (about  80°  P.)  for  two  or  three  weeks ;  a  mass 
of  small  crystals  of  lactate  of  calcium  results.  Eemove  these, 
recrystallize  from  hot  water,  decompose  by  sulphuric  acid, 
avoiding  excess,  digest  in  alcohol,  filter  off  the  sulphate  of 
calcium,  evaporate  the  clear  solution  to  a  syrup ;  this  residue  is 
lactic  acid.    Sp.  gr.  1*212. 

Test. — "No  single  reaction  of  lactic  acid  is  sufiiciently  distinc- 
tive to  form  a  test.  The  crystalline  form  of  the  lactate  of 
calcium,  as  seen  by  the  microscope,  is  characteristic.  The  pro- 
duction of  this  salt,  and  the  isolation  of  the  syrupy  acid  itself, 
are  the  only  means,  short  of  quantitative  analysis,  on  which 
reliance  can  be  placed. 

A  variety  of  lactic  acid  has  been  obtained  from  the  juice  of 
flesh ;  it  is  termed  sarcolactic  acid  (from  aap^,  aapKos,  sarx,  sarcos, 
flesh). 

Malic  Acid  (HgC^H^O,)  ai^^d  other  Malates  (from  malum, 
an  apple). — The  juice  of  unripe  apples,  gooseberries,  currants, 
rhubarb-stalks,  etc.  contains  malic  acid  and  malate  of  potassium. 
"VYhen  isolated  it  occurs  in  deliquescent  prismatic  crystals. 

Tests. — Malate  of  calcium  (CaHC^HyOg)  is  soluble  in  water ; 
hence  the  aqueous  solution  of  malic  acid  or  other  malate  is  not 
precipitated  by  lime-water  or  chloride  of  calcium  ;  but  on  adding 
spirit  of  wine  a  white  precipitate  falls,  owing  to  the  insolubility 
of  the  calcium  malate  in  alcohol.    Malates  are  precipitated  by 
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lead-salts;  on  warming  the  malate  of  lead  with  acetic  acid  it 
dissolves,  separating  out  in  acicular  crystals  on  cooling.  If  the 
mixture  be  heated  without  acid  the  malate  of  lead  agglutinates 
and  fuses. 

Hot  strong  sulphuric  acid  chars  malic  acid  far  less  readily  than 
it  does  nearly  all  other  organic  acids. 

As^aragin  {Q^^Jd^^  H^O). — This  proximate  principle  of  plants 
occurs  in  many  vegetable  juices,  and  doubtless  plays  a  very  im- 
portant part  in  their  nutrition.  It  is  deposited  in  crystals  when 
the  fresh  juices  of  asparagus,  marsh-mallow,  etc.  are  rapidly 
evaporated.  It  is  noticed  here  because  malic  acid  is  readily  ob- 
tained from  it  by  oxidation,  nitrogen  being  eliminated,  and  because 
its  exact  natural  position  among  chemical  substances  is  not  yet 
well  made  out.  The  atoms  of  its  molecule  are  those  of  aspartate 
of  ammonium  (NH^C^HgKO^),  into  which  it  is  converted  when 
its  solution  is  long  boiled,  decomposed  by  aid  of  ferments,  as- 
paragin,  absorbing  hydrogen,  yields  succinate  of  ammonium 
(^11^)20411^0^.  Such  reactions  as  these  and  the  formation  of  lactic 
acid  from  sugars  should  suggest  to  the  student  possible  modes  in 
which  chemical  changes  take  place  in  the  plant- department  of  the 
vast  laboratory  of  nature. 

Mecomc  Acid  (HgC^HO^). — Opium  contains  meconic  acid 
(from  {jLr]K(Dy,  meJcdn,  a  poppy)  partially  combined  with  morphia. 
To  concentrated  infusion  of  opium,  nearly  neutralized  with  am- 
monia, add  solution  of  chloride  of  calcium ;  meconate  of  calcium 
is  precipitated.  Wash  the  precipitate,  place  it  in  a  small  quantity 
of  hot  water,  and  add  a  little  hydrochloric  acid  ;  the  clear  liquid 
(filtered,  if  necessary)  deposits  scales  of  meconic  acid  on  cooling. 

Tests. — To  solution  of  meconic  acid  or  other  meconate,  or  to 
infusion  of  opium,  add  a  neutral  solution  of  ferric  chloride  ;  a 
red  solution  of  meconate  of  iron  is  produced.  To  a  portion  of  the 
mixture  add  solution  of  corrosive  sublimate ;  the  colour  is  not 
destroyed :  to  another  portion  add  hydrochloric  acid ;  the  colour 
is  discharged.  (These  reagents  act  on  sulphocyanate  of  iron, 
which  is  of  similar  tint,  in  exactly  the  opposite  manner.) 
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The  normal  meconates  of  potassium,  sodium,  and  ammonium 
are  soluble  in  water,  the  acid  meconates  very  slightly  soluble,  the 
meconates  of  barium,  calcium,  lead,  copper^  and  silver  insoluble 
in  water,  but  soluble  in  acetic  acid. 

Metaphosphoeic  Acid  (HPO3)  ais^d  othee  Metaphosphates. — 
Prepare  phosphoric  anhydride  (^fi^)  by  burning  a  small  piece  of 
phosphorus  in  a  porcelain  crucible  placed  on  a  plate  and  covered 
by  an  inverted  test-glass,  tumbler,  half-pint  measure-glass,  or 
some  such  vessel.  After  waiting  a  few  minutes  for  the  phos- 
phoric anhydride  to  fall,  pour  a  little  water  on  the  plate  and  filter 
the  liquid ;  the  product  is  solution  of  metaphosphoric  acid  (from 
juera,  meta,  a  preposition  denoting  change). 

pp.    +    Hp    =  2HPO3. 

Tests. — To  solution  of  metaphosphoric  acid  add  ammonio- 
nitrate  of  silver,  or  to  a  neutral  metaphosphate  add  solution  of 
nitrate  of  silver  ;  a  white  precipitate  (AgPOg)  is  obtained.  This 
reaction  sufficiently  distinguishes  metaphosphates  from  the  ordi- 
nary phosphates  or  orthophosphates  (from  opdos,  orthos,  straight), 
as  the  common  phosphates  may,  for  distinction,  be  termed  (which 
give,  it  will  be  remembered,  a  yellow  precipitate  with  nitrate  of 
silver).  Another  variety  of  phosphates  shortly  to  be  considered, 
the  pyrophosphates,  also  give  a  white  precipitate  with  nitrate  of 
silver.  To  the  solution  of  metaphosphoric  acid  obtained  as  above, 
or  by  the  action  of  acetic  acid  on  a  metaphosphate,  add  an  aque- 
ous solution  of  white  of  egg ;  coagulation  of  the  albumen  ensues. 
I^either  orthophosphoric  nor  pyrophosphoric  acid  coagulates  albu- 
men. Boil  the  aqueous  solution  of  metaphosphoric  acid  for  some 
time  ;  on  testing  the  solution  the  acid  will  be  found  to  have  been 
converted  into  orthophosphoric  acid : — 

HPO3  +  H,0  =  H3P0^  (orthophosphoric  acid). 

The  ordinary  medicinal  phosphoric  acid  is  made  from  phosphorus 
and  nitric  acid,  the  liquid  being  evaporated  to  a  syrupy  consist- 
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ence  to  remove  the  last  traces  of  nitric  acid.  It  may  contain, 
pyrophosplioric  and  metaphosphoric  acids,  if  the  heat  employed 
be  high  enough  to  remove  the  elements  of  water: — 

2H3P0^  -  H^O  =  H^PsO,  (pyrophosphoric  acid). 
H^PO^    -  H^O  =  IIPO3  (metaphosphoric  acid). 

On  redilntion  the  metaphosphoric  acid  only  slowly  reabsorbs 
water.  If,  therefore,  on  testing,  metaphosphoric  be  found  to  be 
present,  the  solution  should  be  boiled  until  conversion  to  ortho- 
phosphoric  acid  has  occurred. 

IN'iTROUs  Acid  (HNO^)  and  other  I^iteites. — -Strongly  heat  a 
fragment  of  nitrate  of  potassium  or  sodium  on  a  piece  of  pla- 
tinum foil ;  oxygen  is  evolved  and  nitrite  of  potassium  remains. 

Test. — Dissolve  the  residue  in  water,  add  a  few  drops  of  dilute 
sulphuric  acid,  then  a  little  weak  solution  of  iodide  of  potas- 
sium, and,  lastly,  some  mucilage  of  starch;  the  deep -blue 
compound  of  iodine  and  starch  is  at  once  produced.  Eepeat 
this  experiment,  using  nitrate  of  potassium  instead  of  nitrite ;  no 
blue  colour  is  produced. 

2HI    +  =    2Hp    +    2m    +  I,. 

Test  for  Nitrites  in  Water, — This  liberation  of  iodine  by  ni- 
trites and  not  by  nitrates  is  a  reaction  of  considerable  value  in 
searching  for  nitrites  in  ordinary  drinking-waters,  the  occurrence 
of  such  salts  being  held  to  indicate  the  presence  of  nitrogenous 
organic  matter  in  a  state  of  oxidation  or  decay.  The  sulphuric 
acid  used  in  the  operation  must  be  pure,  and  the  iodide  of  potas- 
sium free  from  iodate.  If  much  organic  matter  is  present,  how- 
ever, the  nitric  acid  liberated  by  the  sulphuric  may  be  reduced  to 
nitrous  acid.  It  is  perhaps  best,  therefore,  to  add  acetic  acid,  and 
(Presenius)  distil  over  10  or  20  per  cent,  of  the  water  and  apply 
the  test  to  this  distillate.  Yery  dilute  solutions  of  nitrous  acid 
may  thus  be  distilled  without  the  slightest  decomposition. 

Commercial  Nitrous  Acid. — The  liquid  commonly  termed  in 
pharmacy  nitrous  acid  is  simply  nitric  acid  impure  from  the  pre- 
sence of  nitrous  acid. 

The  only  nitrite  used  in  medicine  is  a  nitrite  of  an  organic 


392 


SALTS  or  RARER  ACIDULOUS  RADICALS. 


basylous  radical,  ethyl ;  nitrite  of  ethyl  (C^H.NO^),  or  nitrous 
ether,  is  one  of  the  chief  constituents  of  '-'sweet  sjairit  of  nitre 
(Spiritiis  uS^theris  Nitrosi,  E.  P. :  vide  Index). 

Ophelic  Acid  {Q^^^Jd^^. — This  is  one  of  the  principles  to  which 
the  herb  Oplielia  chirata^  or  Chiretta  {Cliirata,  E.  P.),  owes  its 
bitterness.  It  is  an  amorphous  yellow  body.  Another  is  Chi- 
ratin  (C^gH^gO^,),  decomposable  by  hydrochloric  acid  into  Chira- 
togenin  (C^gH^^Og)  and  oj^helic  acid  (Hohn). 

Phosphokotjs  Acid  (H3PO3,  or  H^PHOg). — It  is  necessary  to 
notice  this  compound  in  order  that  the  reader  may  have  brought 
before  him  the  three  acids  of  phosphorus,  namely,  phosphoric 
acid  (II3PO,),  phosphorous  acid  (H^PHOg),  and  hypophosphorous 
acid  (HPH^O^) :  it  will  be  noticed  that  in  composition  they 
differ  from  each  other  simply  in  the  proportion  of  oxygen,  the 
molecules  containing  four,  three,  and  two  atoms  respectively.  In 
constitution  they  differ  bj  the  hypothetical  phosphoric  radical  or 
grouping  being  trivalent,  the  phosphorous  radical  bivalent,  and  the 
hypophosphorous  radical  univalent.  These  three  acids  and  cor- 
responding salts  must  not  be  confounded  with  pyrophosphoric  and 
metaphosphoric  acids  and  salts  :  the  former  are  acids  of  phospho- 
rus ;  the  latter  varieties  of  phosphoric  acid  :  the  former,  in  com- 
position, differ  from  each  other  in  the  proportion  of  oxygen  they 
contain ;  the  latter  by  the  elements  of  water : — 

Acids  of  phospliOTus,  Varieties  of  phosphoric  acid, 

HgPO^    phosphoric  acid.  HgPO^  (ortho)phosphoric  acid. 

H2PIIO3  phosphorous  acid.  H^P^O^  pyrophosphoric  acid. 

HPH^O^  hypophosphorous  acid.    IIPO3    metaphosphoric  acid. 

"When  hypophosphorous  acid  is  exposed  to  the  air,  oxygen  is 
absorbed  and  phosphorous  acid  results ;  by  prolonged  exposure 
more  oxygen  is  absorbed  and  phosphoric  acid  is  obtained.  When 
phosphoric  acid,  or  rather,  for  distinction,  orthophosphoric  acid, 
is  heated,  every  two  molecules  yield  the  elements  of  a  molecule 
of  water,  and  pyrophosphoric  acid  results ;  by  prolonged  exposure 
to  heat  more  water  is  evolved,  and  metaphosphoric  acid  is  obtained. 
These  differences  will  be  further  evident  if  the  formulae  be  written 
empirically,  nearly  all  being  doubled,  thus : — 

HgPgO^    hypophosphorous  acid. 
HgP^Og    phosphorous  acid. 
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^  2  8  I  orthophosphoric  acid. 
H^PaO^  pyrophosphoric  acid. 
HgP^Og    metaphosphoric  acid. 

Or  thus : — 

/  phosphoric  acid  \ 

/    phosphorous  acid  /\  pyrophosphoric  acid\ 

/hypophosphorous  acid  /         \    metaphosphoric  acid  >v 
H,P,0,.  /  \  H,P,0,.  \ 

From  the  central  compound,  phosphoric  acid,  the  acids  of  phos- 
phorus differ  by  regularly  diminishing  proportions  of  the  element 
oxygen  (see  previous  page),  the  varieties  of  phosphoric  acid  by 
regularly  diminishing  proportions  of  the  elements  of  water. 

Prepare  phosphorous  add  by  exposing  a  moist  stick  of  phos- 
phorus to  the  air ;  a  thin  stream  of  heavy  white  vapour  falls, 
which  is  the  acid  in  question.  The  best  method  of  collection  is 
to  place  the  stick  in  an  old  test-tube  having  a  hole  in  the 
bottom,  to  support  this  tube  by  a  funnel  or  otherwise,  the  neck 
of  the  funnel  being  supported  in  a  bottle,  test-glass,  or  tube,  at 
the  bottom  of  which  is  a  little  water.  Having  collected  some 
phosphorous  acid  in  this  way,  apply  the  various  tests  already 
alluded  to  under  Hypophosphorous  Add,  first  carefully  neutra- 
lizing the  phosphorous  acid  by  an  alkali.  The  means  by  which 
the  varieties  of  phosphoric  acid  are  distinguished  have  been  given 
under  Metaphosphoric  Add, 

Other  soluble  phosphites  are  prepared  by  neutralizing  phos- 
phorous acid  with  alkalies,  and  the  insoluble  phosphites  by  double 
decomposition. 

Pyeogallic  Acid. — See  Tannic  Add, 

Pteophosphoeic  Acid  (H^P^O^)  an-d  othee  Pyeophosphates. 
— Heat  ordinary  phosphate  of  sodium  (I^a^HPO^,  l^H^O)  in  a 
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crucible  ;  water  of  crystallization  is  first  evolved,  and  dry  phos- 
phate (I^a^HPO^)  remains.  Continue  the  heat  to  redness ;  two 
molecules  of  the  salt  yield  one  molecule  of  water,  and  a  salt 
having  new  properties  is  obtained : — 

2]Sra,HP0,  ^  H,0  =  l^a^P.O,. 
It  is  termed  pyrophosphate  of  sodium,  in  allusion  to  its  origin 
{jrvp^pur^  fire).  Phosphoric  acid  itself  is  similarly  afi'ected  by 
heat : — 2R^0^  —  H^O  =  H^PgO^  (pyrophosphoric  acid),  though 
metaphosphoric  acid  is  also  formed.  Other  pyrophosphates  are 
produced  in  a  similar  way,  or  by  double  decomposition  and  pre- 
cipitation, or  by  neutralizing  pyrophosphoric  acid  by  an  oxide, 
hydrate,  or  carbonate.  Possibly  the  pyrophosphates  are  only 
compounds  of  orthophosphates  with  metaphosphates  : — 
]^a,P,0,  =  I^a3P0„  ]SraP03. 
Tests, — To  solution  of  a  pyrophosphate  add  solution  of  nitrate 
of  silver;  white  pyrophosphate  of  silver  (Ag^P^O^)  falls  as  a  dense 
white  powder,  difiering  much  in  appearance  from  the  white  gela- 
tinous metaphosphate  of  silver  or  the  yellow  orthophosphate.  To 
pyrophosphoric  acid,  or  to  a  pyrophosphate  mixed  with  acetic  acid, 
add  an  aqueous  solution  of  albumen  (white  of  egg)  ;  no  precipi- 
tate occurs.  Metaphosphoric  acid,  it  will  be  remembered,  gives 
a  white  precipitate  with  albumen. 


QUESTIOIN'S  AliD  EXERCISES. 

598.  What  are  the  sources  of  lactic  acid  ? 

599.  How  is  lactic  acid  usually  prepared  ? 

600.  l!^ame  some  of  the  plants  in  which  malic  acid  is  found. 

601.  Whence  is  meconic  acid  derived  ? 

602.  By  what  process  may  meconic  acid  be  isolated  ? 

603.  Which  is  the  best  test  for  the  meconic  radical  ? 

604.  Distinguish  meconates  from  sulphocyanates. 

605.  Give  the  mode  of  manufacture  of  hypophosphites. 

606.  How  is  phosphoretted  hydrogen  prepared? 

607.  By  what  ready  method  may  metaphosphoric  acid  be  ob- 
tained for  experimental  purposes  ? 
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608.  [N'ame  the  tests  for  metaphosphates. 

609.  How  may  meta-  or  pyro-phosj^lioric  acid  be  converted 
into  orthophosphoric  acid? 

610.  Describe  the  preparation  of  phosphorous  acid. 

611.  State ^the  relations  which  the  acids  of  phosphorus  bear 
to  each  other. 

612.  How  are  pyrophosphates  prepared  ? 

613.  Offer  two  views  of  the  constitution  of  pyrophosphates. 

614.  Define,  by  formulae,  metaphosphates,  pyrophosphates,  or- 
thophosphates,  phosphites,  and  hypophosphites. 

615.  Mention  the  tests  by  which  meta-,  pyro-,  and  orthophos- 
phates  are  analytically  distinguished. 

616.  IN'ame  the  reactions  by  which  hypophosphites  and  phos- 
phites are  detected. 


Silicic  Acid  (H^SiO^)  knb  other  Silicates. — Silicates  of  various 
kinds  are  among  the  commonest  of  minerals.  The  various  days  are 
aluminium  silicates ;  meerschaum  is  an  acid  silicate  of  magnesium ; 
the  ordinary  sandstones  are  chiefly  silica ;  sand,  fiint^  quartz, 
agate,  chalcedony,  and  opal  are  silicic  anhydride  or  silica  (SiO^). 
Asbestos  or  amianth  is  a  fibrous  silicate  of  calcium  and  magne- 
sium. Artificial  silicates  are  familiar  under  the  forms  of  glass 
and  earthenware.  Common  English  window-glass  is  usually 
silicate  of  calcium,  sodium,  and  aluminium ;  Erench  glass,  silicate 
of  calcium  and  sodium ;  Bohemian,  chiefly  silicate  of  potassium 
and  calcium ;  English  flint-  or  crystal-glass  for  ornamental,  table, 
and  optical  purposes,  is  mainly  silicate  of  potassium  and  lead. 
Earthenware  is  mostly  silicate  of  aluminium  (clay),  with  more  or 
less  of  silicate  of  calcium,  sodium,  and  potassium,  and,  in  the 
commoner  forms,  silicate  of  iron.  The  various  kinds  porcelain 
(China,  Sevres,  Meissen,  Berlin,  English),  Wedgwood-iuare,  and 
stoneware  are  varieties  of  earthenware.  Crucibles,  bricks,  and  tiles 
are  clay-silicates.  Mortar  is  essentially  silicate  of  calcium. 
Portland,  Roman,  and  other  hydraulic  cements  are  silicates  of 
calcium  with  more  or  less  silicate  of  aluminium. 

Mix  together  a  few  grains  of  powdered  flint  or  sand  with 
about  five  or  six  times  its  weight  of  carbonate  of  sodium  and  an 
equal  quantity  of  carbonate  of  potassium,  and  fuse  a  little  of  the 
mixture  on  platinum-foil  in  the  blowpipe-flame ;  the  product  is 
a  kind  of  soluble  glass.    Boil  the  foil  in  water  for  a  few  minutes, 
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filter ;  to  a  portion  add  excess  of  hydrochloric  acid,  evaporate  the 
solution  to  dryness,  and  again  boil  the  residue  in  water  and  acid ; 
oxide  of  silicon,  silicic  anhydride,  or  silica  (SiOg)  remains  as  a 
light,  flaky,  insoluble  powder. 

The  soluble  glass  or  glass  liquor  of  trade  commonly  contains 
10  or  12  per  cent,  of  soda  (J^'aHO)  to  20  or  25  per  cent,  of 
silica  (SiO  j. 

The  foregoing  operation  constitutes  the  test  for  silicates.  By 
fusion  with  alkali  the  silicate  is  decomposed,  and  a  soluble  alka- 
line silicate  formed.  On  addition  of  acid,  silicic  acid  (H^SiO^)  is 
set  free,  but  remains  in  solution  if  sufficient  water  is  present. 
The  heat  subsequently  applied  eliminates  water  and  reduces  the 
silicic  acid  to  silica  (SiO^),  which  is  insoluble  in  water  or  acid. 
By  the  addition  of  hydrochloric  acid  to  soluble  glass,  and  removal 
of  the  resulting  alkaline  chloride  and  excess  of  hydrochloric  acid 
by  dialysis  (a  process  to  be  subsequently  described),  a  pure 
aqueous  solution  of  silicic  acid  may  be  obtained ;  it  readily  changes 
into  a  gelatinous  mass  of  silicic  acid.  Possibly  some  of  the  natural 
crystallized  varieties  of  silica  may  have  been  obtained  from  the 
silica  contained  in  such  an  aqueous  solution,  nearly  all  waters 
yielding  a  small  quantity  of  silica  when  treated  as  above  de- 
scribed. 

A  varietij  of  silicic  acid  (H^^iOg),  sometimes  termed  dibasic,  to 
distinguish  it  from  the  normal  or  tetrabasic  acid  (H^SiO^),  results 
when  the  aqueous  solution  of  the  latter  is  evaporated  in  vacuo, 

Siliciuretted  hydrogen,  or  hydride  of  silicon  (SiH^),  is  a  spon- 
taneously inflammable  gas  formed  on  treating  silicide  of  magne- 
sium with  hydrochloric  acid.  It  is  the  analogue  of  light  carbu- 
retted  hydrogen  (CHJ.  A  liquid  chloride  of  silicon  (SiCl J  and  a 
gaseous  fluoride  (SiPJ  also  exist. 

Succinic  Acid  (H^C^H^O^). — Amber  (Succinum)  is  a  peculiar 
resin  usually  occurring  in  association  with  coal  and  lignite.  From 
the  fact  that  fragments  of  coniferous  fruit  are  frequently  found  in 
amber,  and  impressions  of  bark  on  its  surface,  it  is  considered 
to  have  been  an  exudation  from  a  species  of  Finus  now  probably 
extinct.  Heated  in  a  retort,  amber  yields,  first,  a  sour  aqueous 
liquid  containing  acetic  acid  and  another  characteristic  body  ap- 
propriately termed  succinic  acid ;  second,  a  volatile  liquid  known 
as  oil  of  amber,  resembling  the  oil  yielded  by  most  resinous  sub- 
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stances  under  similar  cirenmstances ;  and,  third,  a  pitchy  residue 
allied  to  asphalt.  The  succinic  acid  is  a  normal  constituent  of  the 
amber,  the  acetic  acid  is  produced  during  distillation.  Succinic 
acid  has  also  been  found  in  wormwood,  in  several  pine-resins,  and 
in  certain  animal  fluids,  such  as  those  of  hydatid  cysts  and  hydro- 
cele. It  may  be  obtained  artificially  from  butyric,  stearic,  or  mar- 
garic  acid  by  oxidation.  Tartaric,  malic,  and  succinic  acids  are 
also  convertible  the  one  into  the  other. 

The  succinates  are  normal  (R'JJJIfiJ  and  acid  (E'HC^H^O^) ; 
a  double  succinate  of  potassium  and  hydrogen  (KHC^H^O^, 
H^C^H^O^,  H^O),  analogous  to  the  superacid  oxalate,  salt  of  sorrel, 
also  exists. 

Soluble  succinates  give  a  bulky  brown  precipitate  with  neutral 
ferric  chloride,  only  less  voluminous  than  ferric  benzoate ;  a  white 
precipitate  with  acetate  of  lead,  soluble  in  excess  of  either  re- 
agent ;  with  nitrate  of  silver  a  white  precipitate  after  a  time ; 
with  chloride  of  barium  no  precipitate  at  first,  but  a  white  one  of 
succinate  of  barium  on  the  addition  of  ammonia  and  alcohol. 
Succinates  are  distinguished  from  benzoates  by  the  last-named 
reaction,  and  by  not  yielding  a  precipitate  on  the  addition  of 
acids  (vide  p.  376). 

SuLPHOCYAJsTIG  AciD  (HCyS)  AISTD  OTHEE  StJLPHOCYANATES.  Eoil 

together  sulphur  and  solution  of  cyanide  of  potassium ;  solution 
of  sulphocyanate  of  potassium  (KCyS)  is  formed.  "Warm  the 
liquid,  add  hydrochloric  acid  till  it  faintly  reddens  litmus-paper, 
and  filter ;  any  sulphide  of  potassium  is  thus  decomposed,  and 
the  solutions  may  then  be  used  for  the  following  reactions. 

Tests, — To  a  small  portion  of  the  solution  add  a  ferric  salt 
(Fe^Clg);  a  deep-blood-red  solution  of  ferric  sulphocyanate  is 
formed.  To  a  portion  of  the  red  liquid  add  a  little  hydrochloric 
acid ;  the  colour  is  not  discharged  (meconate  of  iron,  a  salt  of 
similar  tint,  is  decomposed  by  hydrochloric  acid).  In  the  acid 
liquid  place  a  fragment  or  two  of  zinc  ;  sulphuretted  hydrogen  is 
evolved,  and  the  red  colour  disappears.   To  another  portion  of  the 


398  SALTS  or  rarer  acidulous  radicals. 


ferric  sulphocyanate  add  solution  of  corrosive  sublimate  ;  the  co- 
lour is  at  once  discharged.  (Ferric  meconate  is  unaffected  by 
corrosive  sublimate.)  The  ferric  is  the  best  test  of  the  presence 
of  a  sulphocyanate ;  indirectly,  it  is  a  good  test  of  the  presence  of 
hydrocyanic  acid  or  cyanogen.  Solutions  of  pure  ferrous  salts 
are  not  coloured  by  the  solution  of  sulphocyanate. 

To  solution  of  a  sulphocyanate  add  solution  of  mercuric  nitrate ; 
mercuric  sulphocyanate  is  precipitated  as  a  white  powder. 

Pharaoh's  Serpents.  —  Mercuric  sulphocyanate,  thoroughly 
washed  and  made  up  into  little  cones,  forms  the  toy  termed 
Pharaoh's  serpent.  It  readily  burns  when  ignited,  the  chief 
product  being  a  light  solid  matter  (mellon,  CgK^g,  and  melam, 
CgHgN^g),  which  issues  from  the  cone  in  a  snake- like  coil  of  ex- 
traordinary length.  The  other  products  are  mercuric  sulphide 
(of  which  part  remains  in  the  snake  and  part  is  volatilized), 
nitrogen,  sulphurous  and  carbonic  acid  gases,  and  vapour  of 
metallic  mercury.  (For  details  concerning  the  economical  manu- 
facture of  sulphocyanates  see  Pharmaceutical  Journal,  second 
series,  vol.  vii.  p.  581,  and  p.  152.) 

The  sulphocyanic  radical  (CyS)  is  often  termed  sulphocyanogen 
(Scy),  and  its  compounds  regarded  as  sulpJiocyanides. 

Taj^^nic  Acid  or  Tatoii^  (C^^H^^O^^,  or  perhaps  C^^H^^Og). — 
This  is  a  common  astringent  constituent  of  plants,  but  is  con- 
tained in  largest  quantity  in  galls  (excrescences  on  the  oak 
formed  by  the  |)unctu^re  and  deposited  ova  of  an  insect).  English 
galls  contain  from  14  to  28  per  cent,  of  tannic  acid ;  Aleppo  galls 
{Galla,  B.  P.)  from  25  to  65  per  cent.  (Acidum  Tannicum,  E.  P.). 

Process. — "  Expose  powdered  galls  (about  an  ounce  is  sufficient 
for  the  purpose  of  study)  to  a  damp  atmosphere  for  two  or  three 
days,  and  afterwards  add  sufficient  ether  to  form  a  soft  paste. 
Let  this  stand  in  a  well-closed  vessel  for  twenty-four  hours,  then, 
having  quickly  enveloped  it  in  a  linen  cloth,  submit  it  to  strong 
pressure  so  as  to  separate  the  liquid  portion,  which  contains  the 
bulk  of  the  tannin  in  solution.  Eeduce  the  pressed  cake  to 
powder,  mix  it  with  sufficient  ether,  to  which  one  sixteenth  of 
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its  bulk  of  water  has  been  added,  to  form  again  a  soft  paste,  and 
press  this  as  before.  Mix  the  expressed  liquids,  and  expose  the 
mixture  to  spontaneous  evaporation  until,  by  the  aid  subse- 
quently of  a  little  heat,  it  has  acquired  the  consistence  of  a  soft 
extract ;  then  place  it  on  earthen  plates  or  dishes,  and  dry  it  in 
a  hot-air  chamber  at  a  temperature  not  exceeding  212°  F," 

The  resulting  tannic  acid  occurs  in  pale  yellow  vesicular 
masses  or  thin  glistening  scales,  with  a  strongly  astringent  taste 
and  an  acid  reaction,  readily  soluble  in  water  and  rectified  spirit, 
very  sparingly  soluble  in  pure  ether,"  though  soluble  in  common 
ether  (which  contains  alcohol)  when  the  ether  is  saturated  with 
water. 

Medicinal  Uses. — Tannic  acid  is  very  soluble  in  water,  and  in 
this  form  is  usually  administered  in  medicine.  Its  official  pre- 
parations are  Olycerinvm  Acidi  Tannici,  Buppositoria  Acidi  Tan- 
nici,  and  TrocTiisci  Acidi  Tannici, 

Tests, — To  an  aqueous  solution  of  tannic  acid  add  aqueous 
solution  of  gelatine,  a  yellowish-white  flocculent  compound  of 
the  two  substances  is  precipitated.  This  is  a  good  test  of  the 
presence  of  tannic  acid. 

Tanning. — The  above  reaction  also  serves  to  explain  the  che- 
mical principle  involved  in  tanning — the  operation  of  converting 
skin  into  leather.  In  that  process  the  skin  is  soaked  in  infusion 
of  oak-bark  {Quercus  Cortex,  B.  P.),  the  tannic  acid  of  which 
uniting  with  the  gelatinous  tissues  of  the  skin  yields  a  compound 
very  well  represented  by  the  above  precipitate.  The  outer  bark 
of  the  oak  contains  little  or  no  tannic  acid,  and  is  commonly 
shaved  off  from  the  pieces  of  bark  which  are  large  enough  to 
handle ;  useless  colouring-matter  is  thus  also  rejected.  Other 
infusions  and  extracts  besides  that  of  oak-bark  (chiefly  catechu, 
sumach,  and  valonia)  are  largely  used  by  tanners  ;  if  used  alone 
these  act  too  quickly,  and  give  a  harsh,  hard,  less  durable  leather. 
The  tannic  acid  of  these  preparations  is  probably  slightly  different 
from  that  of  oak-bark. 

To  an  aqueous  solution  of  tannic  acid  add  a  neutral  solution  of 
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a  ferric  salt ;  dark  bluish- black  tannate  of  iron  is  slowly  preci- 
pitated. This  is  an  excellent  test  for  the  presence  of  tannic  acid 
in  vegetable  infusions.  The  precipitate  is  the  basis  of  nearly  all 
black  writing-ink.  Perrons  salts  give  at  first  only  a  slight  reac- 
tion with  tannic  acid ;  but  the  liquid  gradually  darkens :  cha- 
racters written  with  this  liquid  become  quite  black  in  a  few 
hours,  and  are  very  permanent. 

To  an  aqueous  solution  of  tannic  acid  add  solution  of  tartar- 
emetic  ;  tannate  of  antimony  is  precipitated.  This  reaction  and 
that  with  gelatine  are  useful  in  the  quantitative  estimation  of  the 
amount  of  tannic  acid  in  various  substances. 

Tannic  acid  is  a  glucoside;  that  is,  like  several  other  sub- 
stances, it  yields  glucose  (grape-sugar)  when  boiled  with  dilute 
sulphuric  or  hydrochloric  acid,  the  other  product  being  gallic 
acid : — 

C,A.O„  +  4H,0  =  C,H,,0,  +  3H3C,H30,. 

Catechu  (Catechu palliclum^  E.  P.),  Gambier,  or  Terra  Japonica, 
an  extract  of  the  Uncaria  Gambier ;  as  well  as  the  true  Catechu, 
Cutch,  or  Terra  Japonica^  an  extract  from  the  Acacia  Catechu 
{Catechu  nigrum^  P.  I.)  and  A,  Suma  ;  East-Indian  Kino  (Kino, 
B.  P.),  from  the  Pterocarpus  marsupium ;  also  Bengal  or  Butea 
Kino,  from  the  Palas  or  DhaTc  tree,  Butea  frondosa  (Butem  gummi 
vel  Kino  Bengalensis^  P.  !•)  ?  Elm-hark  (TJlmi  Cortex,  B.  P.) ;  and 
some  other  vegetable  products,  contain  a  variety  of  tannic  acid 
(miraotannic  acid),  which  gives  a  greenish  precipitate  with  neutral 
solutions  of  ferric  salts.  Catechu  and  Gambier  also  contain 
catechuic  acid  or  catecMn,  C^fi^fi.,  a  body  occurring  in  minute 
colourless  acicular  crystals,  and,  like  mimotannic  acid,  affording  a 
green  precipitate  with  ferric  salts. 

Bael  fruit  (Belce  Fructus,  B.  P.),  from  the  j^gle  Marmelos,  is 
said  to  owe  its  power  as  a  remedy  for  dysentery  and  diarrhoea  to 
a  variety  of  tannic  acid ;  but  this  is  questionable.  In  India  a 
jelly  and  preserve  have  long  been  made  from  the  Marmelos — 
whence  the  word  marmalade  for  similar  English  preserves.  The 
rind  of  the  fruit  of  the  pomegranate  (Punica  granatum)  (Granati 
Cortex,  P.  I.)  contains  tannic  acid.  The  astringency  of  Pome- 
granate-root Bark  (Granati  Badicis  Cortex,  B.  P.  and  P.  I.)  is 
due  to  a  tannic  acid  (its  anthelmintic  properties  probably  to  a 
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resinoid  matter) ;  and  the  same  may  probably  be  said  of  Logwood 
(HcematOcVyli  Lignum,  B.  P.,  the  colour  of  which  is  due  to  oxidized 
hcematoxifUn).  Hhatany-root  bark  (^Kramerice  Radix,  B.  P.) 
contains  about  20  per  cent,  of  tannic  acid,  its  active  astringent 
principle ;  rhubarb-root  about  9  per  cent.  Bearherry-leaYes 
( Uvce  Ursi  Folia,  B.  P.)  owe  most  of  their  therapeutic  power  to 
about  35  per  cent,  of  tannic  acid.  (The  cause  of  their  influence 
on  the  kidneys  is  not  yet  traced.)  They  also  contain  arhutin,  a 
crystalline  glucoside.  Larch-harh  {Laricis  Cortex,  B.  P.),  the 
inner  bark  of  Finns  larix  or  Larix  europcea,  contains,  according 
to  Stenhouse,  a  considerable  amount  of  a  tannic  acid  giving 
olive-green  precipitates  with  salts  of  iron,  and  larixin  and 
larixinic  acid  (C^gHj^Og),  a  somewhat  bitter  substance.  Areca 
nuts  or  Betel  nuts  {Areca,  B,  P.),  from  the  Areca  Palm  {Areca 
catechu),  contain,  according  to  Pliickiger  and  Hanbury,  about  15 
per  cent,  of  "  tannic  matter."  The  extract  of  the  fruit  of  Gab  or 
Diospyros  embryopteris  {Diospyri  Fructus,  P.  1.)  is  a  powerful 
astringent  containing  tannic  acid. 

Gallic  Acid  (HgC^HgO.,  H^O)  (Acidum  Gallicum,  B.  P.)  oc- 
curs in  small  quantity  in  oak-galls  and  other  vegetable  sub- 
stances, but  is  always  prepared  from  tannic  acid.  Powdered 
galls  are  moistened  with  water  and  set  aside  in  a  warm  place  for 
five  or  six  weeks,  occasionally  being  remoistened ;  fermentation 
occurs,  and  impure  gallic  acid  is  formed.  The  product  is  treated 
with  about  three  times  its  weight  of  water,  boiled  to  dissolve  the 
gallic  acid,  filtered,  the  solution  set  aside  to  cool,  deposited  gallic 
acid  collected,  drained,  pressed  between  folds  of  paper  to  remove 
all  mother-liquor,  and,  if  necessary,  purified  by  recrystallization 
from  water,  or  by  solution  in  hot  water  and  treatment  with  ani- 
mal charcoal,  which  absorbs  colouring-matter.  On  filtering  and 
cooling,  most  of  the  acid  separates  in  the  form  of  fawn-coloured 
slender  acicular  crystals.  Gallic  acid  is  soluble  in  about  100 
times  its  weight  of  cold  or  three  of  boiling  water,  freely  in  spirit, 
sparingly  in  ether. 

The  nature  of  the  action  by  which  gallic  acid  is  thus  produced 
is  probably  similar  to  that  of  the  action  of  dilute  acids  on  tannic 
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acid.  During  the  process  oxygen  is  absorbed  and  carbonic  acid 
gas  evolved,  the  sugar  being  thus  broken  up  or  perhaps  prevented 
from  being  formed. 

Test, — To  an  aqueous  solution  of  gallic  acid  add  a  neutral 
solution  of  a  ferric  salt ;  a  bluish-black  precipitate  of  gallate  of 
iron  falls,  similar  in  appearance  to  tannate  of  iron.  Perrons 
salts  also  are  blackened  by  gallic  acid.  To  more  of  the  solution 
add  an  aqueous  solution  of  gelatine ;  no  precipitate  occurs.  Ey 
the  latter  test  gallic  is  distinguished  from  tannic  acid. 

PijrogaTlic  acid  (CgHgOg). — This  substance  sublimes  in  light 
feathery  crystals  when  gallic  acid  is  heated.  To  an  aqueous 
solution  add  a  neutral  solution  of  a  ferric  salt ;  a  red  colour  is 
produced.  To  another  portion  add  a  ferrous  salt ;  a  deep-blue 
colour  results. 

Test  for  the  tliree  acids. — To  three  separate  small  quantities 
of  milk  of  lime  in  test-tubes  add,  respectively,  tannic,  gallic,  and 
pyrogallic  acids ;  the  first  slowly  turns  brown,  the  second  more 
rapidly,  while  the  pyrogallic  mixture  at  once  assumes  a  beautiful 
purplish-red  colour  changing  to  brown.  These  reactions  are 
highly  characteristic ;  they  are  accompanied  by  absorption  of 
oxygen  from  the  air. 

Use  of  Pyrogallic  Acid  in  Gas-analysis, — A  mixture  of  pyro- 
gallic acid  and  solution  of  potash  absorbs  oxygen  with  such 
rapidity  and  completeness  that  a  strong  solution  of  each,  passed 
Up  successively  by  a  pipette  into  a  graduated  tube  containing  air 
or  other  gas,  form  an  excellent  means  of  estimating  free  oxygen. 
The  value  of  this  method  may  be  roughly  proved  by  pouring  a 
small  quantity  of  each  solution  into  a  phial,  immediately  and 
firmly  closing  its  mouth  with  a  cork,  thoroughly  shaking  the 
mixture,  and  then  removing  the  cork  under  water  :  the  water 
rushes  in  and  occupies  about  one  fifth  of  the  previous  volume  of 
air,  indicating  that  the  atmosphere  contains  one  fifth  of  its  bulk 
of  oxygen.  The  small  amount  of  carbonic  acid  gas  present  in 
the  air  is  also  absorbed  by  the  alkaline  liquid ;  in  delicate  ex- 
periments this  should  be  removed  by  the  alkali  before  the  addition 
of  pyrogallic  acid. 

Uric  Acid  (KJ^Jl^p^  and  other  Urates. — Acidulate  a  few 
ounces  of  human  urine  with  hydrochloric  acid,  and  set  aside  for 
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twentj^-four  hours :  a  few  minute  ciystals  of  uric  acid  will  be 
found  adhering  to  the  sides  and  bottom  of  the  vessel  and  floating 
on  the  surface  of  the  liquid. 

Microscopical  Test. — Eemove  some  of  the  floating  particles  by 
a  slip  of  glass,  and  examine  by  a  powerful  lens  or  microscope ; 
the  chief  portion  will  be  found  to  be  in  yellowish  semitransparent 
crystals,  more  or  less  square,  two  of  the  sides  of  which  are  even 
and  two  very  jagged ;  but  other  forms  are  common.  (See  the 
lithographs  in  the  Section  on  Urinary  Sediments.) 

Chemical  Test. — Collect  more  of  the  deposit,  place  in  a  watch- 
glass  or  small  white  evaporating- dish,  remove  adherent  moisture 
by  a  piece  of  blotting-  or  filter-paper,  add  a  drop  or  two  of  strong 
nitric  acid,  and  evaporate  to  dryness ;  the  residue  will  be  red. 
When  the  dish  is  cold,  add  a  drop  of  solution  of  ammonia;  a 
purplish-crimson  colour  results.  The  colour  is  deepened  on  the 
addition  of  a  drop  of  solution  of  potash. 

Notes. — Uric  acid  (or  lithic  acid)  and  urates  (or  lithates)  of 
sodium,  potassium,  calcium,  and  ammonium  are  common  consti- 
tuents of  animal  excretions.  Human  urine  contains  about  one 
part  of  urate  (usually  urate  of  sodium)  in  1000.  When  more 
than  this  is  present  the  urate  is  often  deposited  as  a  sediment  in 
the  excreted  urine,  either  at  once,  or  after  standing  a  short  time. 
Uric  acid  or  other  urate  is  also  occasionally  deposited  before 
leaving  the  bladder,  and,  slowly  accumulating  there,  forms  a 

common  variety  of  urinary  calculus.  Some  urates  are  not 

definitely  crystalline  ;  but  when  treated  with  dilute  nitric  acid  or 
a  drop  of  solution  of  potash  and  then  a  drop  or  two  of  acetic  acid, 
jagged  microscopic  crystals  of  uric  acid  are  usually  formed. — 
All  urates  yield  the  crimson  colour  when  treated  as  above 
described. — This  colour  is  due  to  a  definite  substance,  murexid 
(C^HgN'gOg)  (from  the  murex,  a  shell-fish  of  similar  tint) ;  and 
the  test  is  known  as  the  murexid  test.  The  formation  of  murexid 
is  due  to  the  action  of  ammonia  on  alloxan  (C^H^N^O^,  4II2O) 
and  other  white  crystalline  products  of  the  oxidation  of  uric  acid 
by  nitric  acid.    Murexid  is  a  good  dye ;  it  may  be  prepared  from 
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guano  (tlie  excrement  of  sea-fowl),  which  contains  a  large  quan- 
tity of  nrate  of  ammonium.  The  excrement  of  the  serpent  is 
almost  pure  ammonium  urate. 

Uric  acid  and  the  urates  will  be  again  alluded  to  in  connexion 
with  the  subject  of  morbid  urine. 

Yalekianic  Acid  or  Yaleeic  Acid  (HC.HgO^)  and  other  Yale- 
RiATiTATEs. — In  a  test-tube  place  a  few  drops  of  amylic  alcohol 
(fousel-oil)  with  a  little  dilute  sulphuric  acid  and  a  grain  or  two 
of  red  chromate  of  potassium-,  cork  the  tube,  set  aside  for  a  few 
hours,  and  then  heat  the  mixture ;  valerianic  acid,  of  charac- 
teristic valerian-like  odour,  is  evolved. 

Yalerianic  acid  occurs  naturally  in  valerian-root  in  association 
with  the  essential  oil  from  which  it  is  derived  {vide  Index),  but 
is  usually  prepared  artificiaily,  by  the  foregoing  process,  from 
amylic  alcohol,  to  which  it  bears  the  same  relation  as  acetic  acid 
does  to  common  alcohol : — 

C,H,HO  +  0,  =  HC,H30,  +  H,0 
aH,HO  +  0,  =  HC,H,0,  +  H,0. 

Valerianate  of  Sodium  (JTaC-HgOg)  (Sodce  Valerianas,  B.  P.) 
is  prepared  from  the  valerianic  acid  and  valerianate  of  amyl 
obtained  on  distilling  the  mixture  of  amylic  alcohol  (4  fl.  oz.), 
sulphuric  acid  (6J  fl.  oz.  with  10  of  water),  and  red  chromate  of 
potassium  (9  oz.  in  70  of  water).  The  mixture  should  stand  for 
several  hours  before  heat  is  applied. 

2(K^CrO^,  Cr03)  -}-  8H^S0^  =  2(K.^S0^,  Cr,3S0 J  +  8H^0  -f-  30, 

Red  chromate  of  Sulphuric        Sulphate  of  potassium  Water.  Oxygen. 

j)otas8ium.  acid,  and  chromium  (Chrome 

alum). 

C^H^HO  +  0,  =  HC,H,0,  +  H,0 

Amylic         Oxygen.       Valerianic  Water, 
alcohol.  acid. 

2C,H„H0  +  0,  =  C,H„C,H,0,  +  2H,0 

Amylic  Oxygen.  Valerianate  Water, 

alcohol.  of  amyl. 

The  distillate  (70  or  80  oz.)  is  saturated  with  soda,  which  not 
only  yields  valerianate  of  sodium  with  the  free  valerianic  acid, 
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but  decomposes  the  valerianate  of  amyl  produced  at  the  same 
time;  more  valerianate  of  sodium  being  formed  and  some  amylic 
alcohol  set  free,  according  to  the  following  equations  : — 

WJIfi^  +  JSTaHO  =  IsTaC^HgO^  + 

Valerianic  Soda.  Valerianate  Water, 

acid.  of  sodium. 

aH^^aSgO,  +  miio  ==  i^aC^H^^  +  c.h^^ho 

Valerianate  Soda.  Valerianate  Amylic 

of  amyl.  of  sodium.  alcohol. 

From  the  solution  of  valerianate  of  sodium  (which  should  be 
made  neutral  to  test-paper  by  careful  addition  of  soda  solution) 
the  solid  white  salt  is  obtained  by  evaporation  to  dryness  and 
cautious  fusion  of  the  residue.  The  mass  obtained  on  cooling 
should  be  broken  up  and  kept  in  a  well-closed  bottle.  It  is 
entirely  soluble  in  spirit. 

OtJier  Valerianates,  as  valerianate  of  zinc  (Zinci  Valerianas, 
B.  P.)  and  ferric  valerianate,  may  be  made  by  double  decom- 
position of  valerianate  of  sodium  with  the  sulphate  or  other  salt 
of  the  metal  the  valerianate  of  which  is  desired,  the  new  valeri- 
anate either  precipitating  or  crystallizing  out.  A  hot  solution  of 
sulphate  of  zinc  (5|  parts)  and  valerianate  of  sodium  (5  parts)  in 
water  (40  parts)  gives  a  crop  of  crystals  of  valerianate  of  zinc  on 
cooling. 

Tests. — Heated  with  diluted  sulphuric  acid,  valerianates  of  the 
metals  give  valerianic  acid,  which  has  a  highly  characteristic 
smell. 

The  amylic  alcohol  (CgH^^HO)  from  which  valerianates  are 
prepared  may  contain  the  next  lower  homologue,  hutylic  alcohol 
(C^HgHO).  This,  during  oxidation,  will  be  converted  into  butyric 
acid  (HC^H^Og),  the  next  lower  homologue  of  valerianic  acid 
(HC5H9O2),  and  hence  the  various  valerianates  be  contaminated 
by  some  hutyrates.  These  are  detected  hj  distillation  with  diluted 
sulphuric  acid  and  addition  of  solution  of  acetate  of  copper  to  the 
distillate,  which  at  once  becomes  turbid  if  butyric  acid  be  present. 
In  this  reaction  valerianic  and  butyric  acids  are  produced  by 
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double  decomposition  of  the  valerianate  and  butyrate  by  the  sul- 
phuric acid,  and  distil  over  on  the  application  of  heat.  On  the 
addition  of  acetate  of  copper  (CU2C2H3O2)  butyrate  of  copper 
(Cu2C^H^02,  H^O)  is  formed,  and,  being  almost  insoluble  in  water, 
is  at  once  precipitated,  or  remains  suspended,  giving  a  bluish- 
white  opalescent  liquid.  Valerianate  of  copper  {C}i2C.^qO^)  is 
also  formed  after  some  time,  but  is  far  more  soluble  than  the 
butyrate,  and  only  slowly  collects  in  the  form  of  greenish  oily 
drops,  which  gradually  pass  into  greenish-blue  hydrous  crystal- 
line valerianate  of  copper  (Larocque  and  Huralt). 

Yamllic  Acid  (HC^H^Og)  or  Yanilliit  (C^TLfi^)  or  Methtl- 
PYEOcATECHUic  Aldehyde  (G^H.CHgOg) ;  the  body  to  which  is 
due  the  odour  and  flavour  of  vanilla. — The  white  crystals  com- 
monly found  on  vanilla  (the  prepared  unripe  pods  of  Vanilla 
plamfolia),  previously  termed  vanillin,  were  found  by  Carles  to 
be  a  weak  acid.  Yanillin  has  recently  been  prepared  artificially 
by  Tiemann  and  Haarmann  from  coniferin,  a  glucoside  existing 
in  the  sapwood  of  pines.  The  body  remaining  after  the  removal 
of  glucose  from  coniferin,  or,  indeed,  coniferin  itself,  by  action  of 
a  mixture  of  red  chromate  of  potassium  and  sulphuric  acid,  yields 
the  vanillin.  By  action  of  hydrochloric  acid,  vanillin  yields 
chloride  of  methyl  and  pyrocatechuic  aldehyd.  Such  reactions 
will  be  better  understood  when  the  pupil  has  studied  succeeding 
sections  on  what  is  commonly  termed  Organic  Chemistry, 


QUESTIOlsrS  AND  EXEECISES. 

617.  What  is  the  constitution  of  nitrites  ? 

618.  Mention  a  test  for  nitrites  in  potable  waters. 

619.  Which  nitrite  is  official  ? 

620.  Give  the  names  of  some  natural  and  artificial  silicates. 

621.  What  is  "  soluble  glass 

622.  Distinguish  between  silica  and  silicic  acid. 

623.  How  are  silicates  detected  ? 

624.  What  is  the  quantivalence  of  silicon  ? 

625.  Mention  the  sources,  formulas,  and  analytical  reactions  of 
succinates. 

626.  State  the  mode  of  manufacture  and  tests  of  sulpho- 
cyanates. 
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627.  What  proportion  of  tannic  acid  is  contained  in  galls? 

628.  Describe  the  official  process  for  the  preparation  of  Tannic 
Acid. 

629.  Explain  the  chemistry  of  tanning." 

630.  Ennmerate  the  tests  for  tannic  acid. 

631.  What  is  the  assumed  constitution  of  tannic  acid  ? 

632.  Mention  other  official  substances  whose  astringency  is 
due  to  tannic  acid. 

633.  How  is  gallic  acid  prepared  ? 

634.  Ey  what  reaction  is  gallic  distinguished  from  tannic 
acid  ? 

635.  Mention  the  characteristic  properties  of  pyrogallic  acid. 

636.  Explain  the  murexid  test  for  uric  acid. 

637.  Describe  the  artificial  preparation  of  valerianic  acid  and 
other  valerianates,  giving  diagrams  or  equations. 

638.  What  is  the  formula  of  valerianic  acid  ? 

639.  How  are  butyrates  detected  in  presence  of  valerianates  ? 


DETECTIOIi  OE  THE  ACIDULOUS  EADICALS  OE 
SALTS  SOLUBLE  m  WATEE. 

Analytical  operations  may  now  be  resumed,  the  detection  of 
acidulous  radicals  being  practised  for  two  or  three  days,  and  then 
full  analyses  made,  both  for  basylous  and  acidulous  radicals.  To 
this  end  a  few  compounds  of  stated  metals  (potassium,  sodium,  or 
ammonium)  should  be  placed  in  the  hands  of  the  practical  student 
for  examination  according  to  the  following  paragraphs  and  Tables. 
Mixtures  in  which  both  basylous  and  acidulous  radicals  may  be 
sought  should  then  be  analyzed. 

In  examining  salts  soluble  in  water,  and  concerning  which  no 
general  information  is  obtainable,  search  must  first  be  made  for 
any  basylous  radicals  by  the  appropriate  methods  (vide  pp.  245 
or  286).  Certain  metals  having  been  thus  detected,  a  little  re- 
flection on  the  character  of  their  salts  will  at  once  indicate  what 
acidulous  radicals  may  be,  and  what  cannot  be,  present.  Thus, 
for  instance,  if  the  substance  under  examination  is  freely  soluble 
in  water,  and  lead  is  found,  only  the  nitric  and  acetic  radicals 
need  be  sought,  none  other  of  the  lead  salts  than  nitrate  or  acetate 
being  freely  soluble  in  water.  Moreover  the  salt  is  more  likely 
to  be  acetate  than  nitrate  of  lead,  for  two  reasons  :  the  former  is 
more  soluble  than  the  latter,  and  is  by  far  the  commoner  salt  of 
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the  two.  Medical  and  pliarmaceutical  students  have  probably,  in 
dispensing',  already  learnt  much  concerning  the  solubility  of  salts, 
and  whether  a  salt  is  rarely  employed  or  in  common  use.  And 
although  but  little  dependence  can  be  placed  on  the  chances  of  a 
salt  being  present  or  absent  according  to  its  rarity,  still  the  point 
may  have  its  proper  weight.  If,  in  a  mixture  of  salts,  ammonium, 
potassium,  and  magnesium  have  been  found  associated  with  the 
sulphuric,  nitric,  and  hydrochloric  radicals,  and  we  are  asked  how 
we  suppose  these  bodies  may  exist  in  the  mixture,  it  is  far  more 
in  accordance  with  common  sense  to  suggest  that  sal-ammoniac, 
nitre,  and  epsom  salt  were  originally  mixed  together  than  to 
suppose  any  other  possible  combination.  Such  appeals  to  expe- 
rience regarding  the  solubility  or  rarity  of  salts  cannot  be  made 
by  any  one  not  previously  acquainted,  or  insufficiently  acquainted, 
with  the  characters  of  salts ;  in  such  cases  the  relation  of  a  salt 
to  water  and  acids  can  be  ascertained  by  referring  to  the  follow- 
ing Table  (p.  410)  of  the  solubility  or  insolubility  of  about  five 
hundred  of  the  common  and  rarer  salts  met  with  in  chemical 
operations. 

The  opposite  course  to  the  above  (namely,  to  ascertain  what 
acidulous  radicals  are  present  in  a  mixture,  and  then  to  appeal 
to  experience  to  tell  what  basylous  radicals  may  be  and  what 
cannot  be  present)  is  impracticable ;  for  acidulous  radicals  can- 
not be  separated  out,  one  after  the  other,  from  one  and  the  same 
quantity  of  substance  by  a  similar  treatment  to  that  already 
given  for  basylous  radicals.  Indeed  such  a  sifting  of  acidulous 
radicals  could  scarcely  be  accomplished  at  all,  or  only  by  a  vast 
deal  of  labour.  The  basylous  radicals  must  therefore  be  first 
detected. 

Even  when  the  basylous  radicals  have  been  found,  the  acidu- 
lous radicals  which  may  be  present  must  be  sought  for  singly, 
the  only  additional  aid  which  can  be  brought  in  being  the  action 
of  sulphuric  acid,  a  barium  salt,  a  calcium  salt,  nitrate  of  silver, 
and  ferric  chloride  on  separate  small  portions  of  the  solution 
under  examination,  as  detailed  in  the  second  of  the  following 
Tables. 

Commence  tlie  analysis  of  an  aqueous  solution  of  a  salt  or  salts, 
the  basylous  radicals  in  which  are  known,  by  writing  out  a  list  of 
the  acidulous  radicals  which  may  be,  or,  if  more  convenient,  of 
those  which  cannot  be  present.  To  this  end  consult  the  following 
Table  (p.  410)  of  the  solubility  of  salts  in  water.    Look  for  the 
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name  of  the  metal  of  the  salt  in  the  vertical  column  ;  the  letters 
S  and  I  indicate  which  salts  are  soluble  and  which  insoluble  in 
water,  an  asterisk  attached  to  the  S  meaning  that  the  salt  is 
slightly  soluble.  The  acidulous  part  of  the  name  is  given  in  the 
top  line  of  the  Table.  All  the  names  are  in  alphabetical  order, 
for  facility  of  reference. 

Some  of  the  salts  marked  as  insoluble  in  water  are  soluble  in 
aqueous  solutions  of  soluble  salts,  a  few  forming  soluble  double 
salts.  To  characterize  salts  as  soluble^  slightly  soluble,  or  insoluble, 
only  roughly  indicates  their  relation  to  water  :  on  the  one  hand, 
very  few  salts  are  absolutely  insoluble  in  water ;  on  the  other,  there 
is  a  limit  to  the  solubility  of  every  salt. 

If  only  one,  two,  or  perhaps  three  given  acidulous  radicals  can 
he  in  the  liquid,  test  directly  for  it  or  them  according  to  the  re- 
actions given  in  the  previous  pages.  If  several  may  he  present, 
pour  small  portions  of  the  solution,  rendered  neutral  if  necessary 
hy  ammonia,  into  jive  test-tithes,  and  add  respectively  sulphuric 
acid,  nitrate  or  chloride  of  harium,  chloride  of  calcium,  nitrate  of 
silver,  and  ferric  chloride;  then  consult  the  Tahle  on  page  411, 
in  order  to  correctly  interpret  the  effects  these  reagents  may  have 
produced. 

EEMAEKS  ON  THE  TABLE,  pagC  411. 

The  first  point  of  value  to  be  noticed  in  connexion  with  this 
Table  is  one  of  a  negative  character ;  namely,  if  either  of  the  re- 
agents gives  no  reaction  it  is  self-evident  that  the  salts  which  it 
decomposes  with  production  of  a  precipitate  must  be  absent. 
Then,  again,  if  the  action  of  one  of  the  reagents  indicates  the 
absence  of  certain  acidulous  radicals,  those  radicals  cannot  be 
precipitated  by  the  other  reagents ;  thus,  if  the  action  of  sul- 
phuric acid  points  to  the  absence  of  sulphides,  sulphites,  car- 
bonates, cyanides^  and  acetates,  these  salts  may  be  struck  out  of 
the  other  lists,  and  the  examination  of  subsequent  precipitates  be 
so  far  simplified.  Or,  if  the  barium  precipitate  is  soluble  in  hy- 
drochloric acid  and  the  calcium  precipitate  in  acetic  acid,  neither 
sulphates  nor  oxalates  can  be  present.  Observing  these  and  other 
points  of  difference,  which  will  be  seen  on  careful  and  thoughtful 
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reflection,  and  remembering  the  facts  suggested  by  a  knowledge 
of  what  basylous  radicals  are  present,  one  acidulous  radical  after 
the  other  may  be  struck  off  as  absent  or  present,  leaving  only 
one  or  two  as  the  objects  of  special  experiment.  Among  the 
chief  difficulties  to  be  encountered  will  be  the  separation  from 
each  other  of  chlorides,  bromides,  iodides,  and  cyanides,  or  of 
tartrates  from  citrates,  and  confirmatory  tests  of  the  presence 
of  certain  compounds.  These  may  all  be  surmounted  on  referring 
back  to  the  reactions  of  the  various  radicals,  as  described  under 
their  hydrogen  salts,  the  acids. 

In  rendering  a  solution  neutral,  for  the  application  of  the  various 
group-tests,  the  employment  of  any  large  amount  of  acid  or  of 
alkali  must  be  uoted,  the  presence  of  actual  alkalies  (that  is 
hydrates)  or  of  acids,  respectively,  being  thereby  indicated. 

Sulphuric  acid,  the  first  group-test,  may  itself  yield,  especially 
when  heated  with  some  solid  substances,  sulphurous  acid  or  hy- 
drosulphuric  acid  (see  pp.  302  and  304)  ;  hence  the  production  of 
the  latter  acids  from  a  diluted  solution  only  is  evidence  of  the 
presence  of  a  sulphide  or  sulphite. 

In  the  precipitate  produced  by  chloride  of  barium,  the  second 
group-test,  the  oxalic  radical  may  be  specially  sought  by  the  test 
described  in  the  "  note  "  on  p.  353. 

Chloride  of  calcium  does  not  precipitate  citrates  readily  or 
completely  in  the  cold  :  therefore  the  mixture  should  be  filtered 
and  the  filtrate  boiled  ;  calcium  citrate  then  falls.  Calcium  tar- 
trate is  soluble  in  solution  of  chloride  of  ammonium  when  quite 
freshly  precipitated,  but  not  after  it  has  become  crystalline.  From 
their  solution  in  chloride  of  ammonium,  carbonate  of  calcium  is 
mostly  precipitated  by  ammonia,  and  citrate  on  boiling. 

The  rarer  acidulous  radicals  will  very  seldom  be  met  with. 
Benzoates,  hippurates  (which  give  benzoic  acid),  hypochlorites, 
hyposulphites,  nitrites,  and  valerianates  show  themselves  under 
the  sulphuric  treatment.  Ferrocyanides,  ferridcyanides,  meco- 
nates,  succinates,  sulphocyanates,  tannates,  and  gallates  appear 
among  the  salts  whose  presence  is  indicated  by  ferric  chloride ; 
formiates,  hypophosphites,  malates,  and  others  by  nitrate  of  silver. 
Urates  char  when  heated,  giving  an  odour  resembling  that  of 
burnt  feathers. 

In  actual  practice  the  analyst  nearly  always  has  some  clue  to 
the  nature  of  rarer  substances  placed  in  his  hands. 

If  chromium  and  arsenicum  have  been  detected  among  the 
basylous  radicals,  those  elements  may  be  present  in  the  form  of 
chromates,  arseniates,  and  arsenites,  yielding  with  chloride  of 
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barium  yellow  chromate  of  barium  and  white  arseniate  and 
arsenite  of  barium,  and  with  nitrate  of  silver  red  chromate, 
brown  arseniate,  and  yellow  arsenite  of  silver. 


QUESTIOJ^S  XNB  EXEECISES. 

640.  In  analyzing  an  aqueous  solution  of  salts,  for  which  radi- 
cals would  you  first  search,  the  basylous  or  the  acidulous  ?  and 
why? 

641.  In  an  aqueous  solution  there  have  been  found  magnesium 
(Mg)  and  potassium  (K),  with  the  sulphuric  radical  (SO^),  and 
iodine  (I) ;  state  the  nature  of  the  salts  which  were  originally 
dissolved  in  the  water,  and  mention  the  principles  which  guide 
you  to  the  conclusions. 

642.  Give  a  sketch  of  the  method  by  which  to  analyze  a 
neutral  or  only  faintly  acid  aqueous  liquid  for  the  acidulous 
radicals  of  salts.  In  what  stage  of  the  process  would  the  fol- 
lowing salts  be  detected  ? 

a.  Carbonates  and  Sulphates. 

h.  Oxalates. 

e.  Tartrates  and  Mtrates. 

d.  Acetates  and  Sulphites. 

e.  Eromides  and  Cyanides. 
/.  Borates. 

g.  Iodides  and  Phosphates. 

Chlorates,  Oxalates,  and  Acetates. 

i.  Chlorides  and  Iodides. 
j.  Sulphites. 

Jc.  Sulphides,  Carbonates,  and  Nitrates. 
I.  Citrates  and  Sulphates. 

643.  Nitrate  of  silver  gives  no  precipitate  in  an  aqueous  solu- 
tion ;  what  acidulous  radicals  may  be  present  ? 

644.  Chloride  of  barium  gives  no  precipitate  in  a  neutral  solu- 
tion, but  nitrate  of  silver  a  white ;  what  acidulous  radicals  are 
indicated  ? 

645.  Eerric  chloride  produces  a  deep  red  colour  in  a  solution, 
chloride  of  calcium  yielding  no  precipitate ;  what  salts  may  be 
present  ?  and  how  may  they  be  distinguished  from  each  other  ? 

646.  Eerric  chloride  gives  a  black  precipitate  in  a  solution  in 
which  sulphuric  acid  develops  no  odour ;  to  what  is  the  effect 
due? 


414 


GENERAL  QUALITATIVE  ANALYSIS. 


ANALYSIS  OF  SALTS. 
SIISTGLE  OE  MIXED,  SOLUBLE  OR  L^SOLUBLE. 

Thus  far  all  material  substances,  especially  those  of  pharma- 
ceutical interest,  have  been  regarded  as  being  definite  compounds, 
and  as  having  certain  well-defined  parts,  termed,  for  convenience, 
basylous  and  acidulous  respectively :  moreover  attention  has  been 
designedly  restricted  to  those  definite  compounds  which  are  soluble 
in  water.  But  there  are  many  substances  having  no  definite  or 
known  composition ;  and  of  those  having  definite  composition  there 
are  many  having  no  definite  or  ascertained  parts.  Again,  of  those 
having  definite  composition,  and  whose  constitution  admits  of  the 
entertainment  of  theory,  there  are  many  insoluble  in  water. 

Chemical  substances  of  whose  composition  or  constitution  little 
or  nothing  is  at  present  known,  are  chiefly  of  animal  and  vegetable 
origin,  and  figure  in  tables  of  analyses  under  the  convenient  col- 
lective title  of  "  extractive  matter they  are  not  of  immediate 
importance,  and  may  be  omitted. 

Of  substances  which  are  definite  in  composition,  but  whose 
parts  or  radicals,  if  they  have  any,  are  unknown  or  imperfectly 
known,  there  are  only  a  few  (such  as  the  alkaloids,  amylaceous 
and  saccharine  matters,  the  glucosides,  alcoholic  bodies,  albume- 
noid,  fatty,  resinoid,  and  colorific  substances)  which  have  any 
considerable  amount  of  medical  or  pharmaceutical  interest ;  these 
will  be  noticed  subsequently. 

Definite  compounds  most  frequently  present  themselves  ;  and 
of  these  by  far  the  larger  proportion  (namely,  the  salts  soluble 
in  water)  have  already  been  fully  studied.  There  remain,  how- 
ever, many  salts  which  are  insoluble  in  water,  but  which  must 
be  brought  into  a  state  of  solution  before  they  can  be  effectively 
examined  from  an  analytical,  pharmaceutical,  or  a  physiological 
point  of  view.  The  next  subject  of  laboratory  work  is  therefore 
the  analysis  of  substances  which  may  or  may  not  be  soluble  in 
water.  This  will  involve  no  other  analytical  schemes  than  those 
which  have  been  given,  will  in  only  one  or  two  cases  increase 
the  difficulty  of  the  analysis  of  a  precipitate  produced  by  a  group- 
reagent,  but  will  give  roundness,  completeness,  and  a  practical 
bearing  to  the  reader's  analytical  knowledge.  Such  a  procedure 
will  at  the  same  time  bring  into  notice  the  methods  by  which 
substances  insoluble  in  water  are  manipulated  for  pharmaceutical 
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purposes,  or  made  available  for  use  as  food  by  plants,  or  as  food 
and  medicine  by  man  and  animals  generally. 

Preliminary  Examination  of  Solid  {chiefly  mineral)  Salts, 

Before  attempting  to  dissolve  a  salt  for  analysis,  its  appearance 
and  other  physical  properties  should  be  noted,  and  the  influence 
of  heat  and  strong  sulphuric  acid  be  ascertained.  If  the  operator 
knovrs  how  to  interpret  what  is  thus  observed,  and  to  what  ex- 
tent to  place  confidence  in  the  observations,  he  may  more  cer- 
tainly obtain  a  high  degree  of  precision  in  analysis,  and  will 
always  gain  some  valuable  negative  information.  But  if  he  has 
only  slight  experience  of  the  appearance  and  general  properties 
of  bodies,  or  has  the  habit  of  turning  what  should  be  inferences 
from  tentative  processes  into  foregone  conclusions,  he  should 
omit  the  preliminary  examination  altogether,  or  only  follow  it 
out  under  the  guidance  of  a  judicious  tutor;  for  it  is  imprac- 
ticable here  to  do  more  than  hint  at  the  results  which  may  be 
obtained  by  such  an  examination,  or  to  so  adapt  descriptions  as 
to  prevent  a  student  from  allowing  unnecessary  weight  to  pre- 
conceived ideas. 

Whatever  be  the  course  pursued,  short  memoranda  describing 
results  should  invariably  be  entered  in  the  note -book. 

1.  Examine  the  physical  characters  of  the  salt  in  various  ways, 
but  never,  or  only  rarely,  by  the  palate,  on  account  of  the  danger 
to  be  apprehended. 

If  the  salt  is  white,  coloured  substances  cannot  be  present ; 
if  coloured,  the  tint  may  indicate  the  nature  of  the  substance  or 
of  one  of  its  constituents,  supposing  that  the  learner  is  alread}^ 
acquainted  with  the  colours  of  salts.  Closer  observation,  aided 
perhaps  by  a  lens,  may  reveal  the  occurrence,  in  a  pulverulent 
mixture,  of  small  crystals  or  pieces  of  a  single  substance ;  these 
should  be  picked  out  by  a  needle  and  examined  separately.  In 
a  powder  or  roughly  divided  mixture  of  substances,  the  process 
of  sifting  (through  such  sieves  as  muslin  of  different  degrees  of 
fineness)  often  mechanically  separates  substances,  and  thus  greatly 
facilitates  analysis.  The  body  may  present  an  undoubted  metallic 
appearance,  in  which  case  only  the  metals  existing  under  ordinary 
atmospheric  conditions  need  be  sought.  Peculiarity  in  smell  re- 
veals the  presence  of  ammonia,  hydrocyanic  acid,  hydrosulphuric 
acid,  etc.  Between  the  fingers  a  substance  is,  perhaps,  hard,  soft, 
or  gritty ;  consequent  inferences  follow.    Or  the  matter  may  be 
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heavy,  like  the  salts  of  barium  or  lead ;  or  light,  like  the  carbo- 
nates and  hydrates  of  magnesium  ;  or  may  be  one  of  the  phar- 
maceutically  well-known  class  of    scale  "  preparations. 

2.  Place  a  grain  or  two  of  the  salt  in  a  small  dry  test-tube  or 
in  a  piece  of  ordinary  tubing,  closed  at  one  end,  and  heat  it,  at 
first  gently,  then  more  strongly,  and  finally,  if  necessary,  by  the 
blowpipe. 

Gases  or  vapours  of  characteristic  appearance  or  odour  may  be 
evolved  ;  such  as  iodine,  nitrous  fumes,  sulphurous,  hydrocyanic, 
or  ammoniacal  gases.  Much  steam  given  by  a  dry  substance  indi- 
cates either  hydrates  or  salts  containing  water  of  crystallization. 
(A  small  quantity  of  interstitial  moisture  often  causes  heated 
crystalline  substances  to  decrepitate — from  decrepo^  I  crackle — 
that  is,  break  up  with  slight  explosive  violence,  owing  to  the 
expansive  force  of  the  steam  suddenly  generated.)  A  sublimate 
may  be  obtained,  due  to  salts  of  mercury  or  arsenicum,  to  oxalic 
or  benzoic  acid,  or  to  sulphur  free  or  as  a  sulphide — a  salt  wholly 
volatile  containing  such  substances  only.  The  compound  may 
blacken,  pointing  to  the  presence  of  organic  matter — which,  in 
common  definite  salts,  will  probably  be  in  the  form  of  acetates, 
tartrates,  and  citrates,  or  as  common  salts  of  the  alkaloids  mor- 
phia, quinia,  strychnia,  or  as  starch,  sugar,  salicin,  or  in  other 
definite  or  indefinite  forms  common  in  pharmacy,  and  for  which 
tests  will  be  given  in  subsequent  pages.  If  no  charring  occurs, 
the  important  fact  that  no  organic  matter  is  present  is  established. 
The  residue  may  change  colour  from  presence  or  development  of 
oxide  of  zinc,  oxide  of  iron,  etc.,  or  melt  from  the  presence  of  a 
fusible  salt  and  absence  of  any  large  proportion  of  infusible  salt, 
or  be  unaltered,  showing  the  absence  of  any  large  amount  of  such 
substances. 

3.  Place  a  grain  or  two  of  the  salt  in  a  test-tube,  add  a  drop 
or  two  of  strong  sulphuric  acid,  cautiously  smelling  any  gas  that 
may  be  evolved ;  afterwards  slowly  heat  the  mixture,  noticing  the 
effect,  and  stopping  the  experiment  when  any  sulphuric  fumes 
begin  to  escape. 

Iodine,  bromine,  and  nitrous  or  chlorinoid  fumes  will  reveal 
themselves  by  their  colour,  indicating  the  presence  of  iodides, 
bromides,  iodates,  bromates,  nitrates,  and  chlorates.  The  evolution 
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of  a  colourless  gas  fuming  on  coming  into  contact  with  air,  and 
having  an  irritating  odour,  points  to  chlorides,  fluorides,  or  nitrates. 
Gaseous  products  having  a  greenish  colour  and  odour  of  chlorine 
indicate  chlorates,  hypochlorites,  or  chlorides  mixed  with  other 
substances.  Slight  sharp  explosions  betoken  chlorates.  Evolution 
of  colourless  gas  may  proceed  from  cyanides,  acetates,  sulphides, 
sulphites,  carbonates,  or  oxalates.  Charring  will  be  due  to  citrates, 
tartrates,  or  other  organic  matter.  If  none  of  these  effects  are 
produced,  most  of  the  bodies  are  absent  or  only  present  in  minute 
quantity.  The  substances  apparently  unaffected  by  the  treatment 
are  metallic  oxides,  borates,  sulphates,  and  phosphates. 

4.  Exposure  of  the  substance  to  the  blowpipe-flame,  on  plati- 
num wire  with  or  without  a  bead  of  borax  or  of  microcosmic  salt 
(phosphate  of  sodium,  ammonium,  and  hydrogen,  I^aAmHPO^) — 
on  platinum  foil,  in  a  porcelain  crucible,  or  on  a  crucible  lid,  with 
or  without  carbonate  of  sodium — on  charcoal,  alone  or  in  con- 
junction with  carbonate  of  sodium,  cyanide  of  potassium,  or  nitrate 
of  cobalt,  will  sometimes  yield  important  information,  especially 
to  one  who  has  devoted  much  attention  to  reactions  producible  by 
the  blowpipe-flame.  The  medical  or  pharmaceutical  student, 
however,  will  seldom  have  time  to  work  out  this  subject  to  an 
extent  sufflcient  to  make  it  a  trustworthy  guide  in  analysis. 
(See  Plattner  and  Muspratt  '  On  the  Use  of  the  Blowpipe,'  and  a 
chapter  in  Gralloway's  *  Manual  of  Qualitative  Analysis.') 

Methods  of  dissolving  and  analyzing  single  or  mixed  solid 
substances. 

Having  submitted  the  substance  to  preliminary  examination^ 
proceed  to  dissolve  and  analyze  by  the  folloiving  methods.  These 
operations  consist  in  treating  a  substance  ivell  powdered  consecu- 
tively  ivith  cold  or  hot  ivater,  hydrochloric  acid,  nitric  acid,  nitro- 
hydrochloric  acid,  or  fusion  with  alkaline  carbonates  and  solution 
of  the  product  in  ivater  and  acid.  Resulting  liquids  are  analyzed 
in  the  manner  already  described,  or  by  slightly  modified  processes 
as  detailed  in  the  following  paragraphs. 

Solution  in  W iter.—BoH  about  a  grain  of  the  salt  presented 
for  analysis  in  about  a  third  of  a  test-tubeful  of  water.    If  it 
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dissolves,  prepare  a  solution  of  about  20  or  30  grains  in  half  an 
ounce  or  more  of  water,  and  proceed  with  the  analysis  in  the 
usual  way,  testing  first  for  the  basylous  radical  or  radicals  by 
the  proper  group -reagents  (HCl,  H^S,  AmHS,  Am^COg,  Am^HPO  J, 
pp.  245  or  286,  and  then  for  the  acidulous  radical  or  radicals, 
directly  or  by  aid  of  the  prescribed  reagents  (H^SO^,  BaCl^,  CaCl^, 
AgN03,re,CUP-411. 

If  the  salt  is  not  luholly  dissolved  by  the  water,  ascertain  whe- 
ther or  not  any  has  entered  into  solution,  by  filtering,  if  necessary, 
and  evaporating  a  drop  or  two  of  the  clear  liquid  to  dryness  on 
platinum  foil ;  the  presence  or  absence  of  a  residue  gives  the 
information  sought.  If  any  thing  is  dissolved,  prepare  a  sufficient 
quantity  of  solution  for  analysis  and  proceed  as  usual,  reserving 
the  insoluble  portion  of  the  mixture,  after  thoroughly  exhausting 
with  water,  for  subsequent  treatment  by  acids. 

Solution  in  Hydrochloric  Acid. — If  the  salt  is  insoluble  in 
water,  digest  about  a  grain  of  it  (or  of  the  insoluble  portion  of  a 
mixed  salt)  in  a  few  drops  of  hydrochloric  acid,  adding  water, 
and  boiling  if  necessary.  If  the  salt  wholly  dissolves,  prepare 
a  sufficient  quantity  of  the  liquid,  noticing  whether  or  not  any 
effervescence  (due  to  the  presence  of  sulphides,  sulphites,  carbo- 
nates, or  cyanides)  occurs,  and  proceed  with  the  analysis  as  before, 
except  that  the  first  step,  the  addition  of  hydrochloric  acid,  may 
be  omitted. 

The  analysis  of  this  solution  will  in  most  respects  be  simpler 
than  that  of  an  aqueous  solution,  inasmuch  as  the  majority  of 
salts  (all  those  soluble  in  water)  will  be  absent.  This  acid 
solution  will,  in  short,  only  contain : — chlorides  produced  by  the 
action  of  the  hydrochloric  acid  on  sulphides,  sulphites,  carbonates, 
cyanides,  oxides,  and  hydrates  ;  and  certain  borates,  oxalates, 
phosphates,  tartrates,  and  citrates  (possibly  silicates  and  fluo- 
rides), which  are  insoluble  in  water,  but  soluble  in  acids  without 
apparent  decomposition.  The  first  four — sulphides,  sulphites, 
carbonates,  and  cyanides — will  have  revealed  themselves  by  the 
occurrence  of  effervescence  during  solution ;  and  the  presence  of 
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oxides  and  hydrates  may  often  be  inferred  by  the  absence  of 
compatible  acidulous  radicals.  The  borates,  oxalates,  phosphates, 
tartrates,  and  citrates  alluded  to  will  be  reprecipitated  in  the 
general  analysis  as  soon  as  the  acid  of  the  solution  is  neutralized ; 
that  is,  will  come  down  in  their  original  state  when  ammonia 
and  sulphydrate  of  ammonium  are  added  in  the  usual  course.  Of 
these  precipitates,  only  the  oxalate  of  calcium  and  the  phosphates 
of  calcium  and  magnesium  need  occupy  attention  now ;  for 
oxalate  and  phosphate  of  barium  seldom  or  never  occur,  and  the 
borates,  tartrates,  and  citrates  met  with  in  medicine  or  in  general 
analysis  are  all  soluble  in  water.  These  phosphates  and  oxalates, 
then,  will  be  precipitated  in  the  conrse  of  analysis  along  with  iron, 
their  presence  not  interfering  with  the  detection  of  any  other 
metal.  If,  from  the  unusually  light  colour  of  the  ferric  precipitate, 
phosphates  and  oxalates  are  suspected,  the  precipitate  is  treated 
according  to  the  following  Table  (reference  to  which  should  be 
inserted  in  the  Table  for  metals,  under  Fe,  pp.  245  and  286). 

PRECIPITATE  OF  PHOSPHATES,  OXALATES,  Al^D  FERRIC  HYDRATE. 


Dissolve  in  HCl,  add  citric  acid,  then  NH^HO,  and  filter. 


Filtrate 
Fe. 

Add  HCl  and 
K.Fcy. 
Blue  ppt. 

Precipitate 
Ca32PO,,  CaC.O,,  Mg,2P0,. 
Boil  in  acetic  acid  and  filter. 

Insoluble 
CaC.O,. 
White. 

Filtrate 
Ca32PO,,Mg32PO,. 
Add  Am^C^O^,  stir,  filter. 

Precipitate 

white, 
indicating 
Ca32P0,. 

Filtrate, 
add  AmKO. 
White  pDt. 
MgNH.PO,. 

In  analyzing  phosphates  and  oxalates  advantage  is  also  fre- 
quently taken  of  the  facts  that  the  phosphoric  radical  is  wholly 
removed  from  solution  of  phosphates  in  acid  by  the  addition  of 
an  alkaline  acetate,  ferric  chloride,  and  subsequent  ebullition,  as 
described  under  '^Phosphoric  Acid"  (p.  369),  and  that  dry  oxalates 
are  converted  into  carbonates  by  heat,  as  mentioned  under  "  Oxalic 
Acid"  (p.  354).    See  also  p.  369,  4th  Anal.  Eeac. 
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Certain  arseniates  and  arsenites,  insoluble  in  water  bnt  soluble 
in  hydrochloric  acid,  may  accompany  the  above  phosphates  and 
oxalates  if  from  any  cause  hydrosulphuric  acid  gas  has  not  been 
previously  passed  through  the  solution,  or  passed  for  an  insuffi- 
cient length  of  time. 

If  the  substance  insoluble  in  water  does  not  wholly^  dissolve  in 
hydrochloric  acid,  ascertain  if  any  has  entered  into  solution,  by 
filtering,  if  necessary,  and  evaporating  a  drop  of  the  clear  liquid 
to  dryness  on  platinum  foil ;  the  presence  or  absence  of  a  residue 
gives  the  information  sought.  If  any  thing  is  dissolved,  prepare 
a  sufficient  quantity  of  solution  for  analysis,  and  proceed  as  usual, 
reserving  the  insoluble  portion  of  the  mixture,  after  thoroughly 
exhausting  with  hydrochloric  acid  and  well  washing  with  water, 
for  the  following  treatment  by  nitric  acid. 

Solution  in  Nitric  AcicL — If  the  salt  is  insoluble  in  water  and 
hydrochloric  acid,  boil  it  (or  that  part  of  it  which  is  insoluble  in 
those  menstrua)  in  a  few  drops  of  nitric  acid.  If  it  wholly  dis- 
solves, remove  excess  of  acid  by  evaporation,  dilute  with  water, 
and  proceed  with  the  analysis. 

This  nitric  solution  can  contain  only  very  few  substances ;  for 
nearly  all  salts  soluble  in  nitric  acid  are  also  soluble  in  hydro- 
chloric acid,  and  therefore  will  have  been  previously  removed. 
Some  of  the  metals,  however  (Ag,  Cu,  Hg,  Pb,  Bi),  as  well  as 
amalgams  and  alloys,  unaffected  or  scarcely  affected  by  hydro- 
chloric acid,  are  readily  attacked  and  dissolved  by  nitric  acid. 
Many  of  the  sulphides,  also,  insoluble  in  hydrochloric  acid,  are 
dissolved  by  nitric  acid,  usually  with  separation  of  sulphur. 
Calomel  is  converted,  by  long  boiling  with  nitric  acid,  into  mer- 
curic chloride  and  nitrate.  The  nitrates  here  produced  are  soluble 
in  water. 

This  nitric  solution,  as  well  as  the  hydrochloric  and  aqueous 
solutions,  should  be  examined  separately.  Apparently,  time 
would  be  saved  by  mixing  the  three  solutions  together  and 
making  one  analysis.  But  the  object  of  the  analyst  is  to  sepa- 
rate every  radical  from  every  other ;  and  when  this  has  been  par- 
tially accomplished  by  solvents,  it  would  be  unwise  to  again  mix 
and  separate  a  second  time.    Moreover  solvents  often  do  what 
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the  chemical  reagents  cannot — namely,  separate  salts  from  each 
other.  This  is  important,  inasmuch  as  the  end  to  be  attained  in 
analysis  is  not  only  an  enumeration  of  the  radicals  present,  but 
a  statement  of  the  actual  condition  in  which  they  are  present ; 
the  analyst  must,  if  possible,  state  of  what  salts  a  given  mixture 
was  originally  formed — how  the  basylous  and  acidulous  radicals 
were  originally  distributed.  In  attempting  this,  much  must  be 
left  to  theoretical  considerations ;  but  a  process  by  which  the 
salts  themselves  are  separated  is  of  trustworthy  practical  assist- 
ance; hence  the  chief  advantage  of  analyzing  separately  the 
solutions  resulting  from  the  action  of  water  and  acids  on  a  solid 
substance. 

Solution  in  Nitro-HydrocMoric  Acid, — If  the  salt  or  any  part 
of  a  mixture  of  salts  is  insoluble  in  water,  hydrochloric  acid,  and 
nitric  acid,  digest  it  in  nitro-hydrochloric  acid,  warming,  or  even 
boiling  gently,  if  necessary ;  evaporate  to  remove  excess  of  acid, 
dilute,  and  proceed  as  before. 

Sulphide  of  mercury  and  substances  only  slowly  attacked  by 
hydrochloric  or  nitric  acid,  as,  for  example,  calomel  and  ignited 
ferric  oxide,  are  sufficiently  altered  by  the  free  chlorine  of  aqua 
regia  to  become  soluble. 

If  the  substance  is  insoluble  in  water  and  acids,  it  is  one  or 
more  of  the  following  substances : — Sand  and  certain  silicates, 
such  as  pipeclay  and  other  clays ;  fluor  spar ;  cryolite  (SiN'aP,  AIP3) ; 
sulphates  of  barium,  strontium,  and  possibly  calcium ;  tinstone ; 
glass ;  felspar  (double  silicate  of  aluminium  and  other  metals)  ; 
chloride  of  silver ;  sulphate  of  lead.  It  may  also  be  or  contain 
carbon  or  carbonaceous  matter,  in  which  case  it  is  black  and 
combustible,  burning  entirely  or  partially  away  when  heated  in 
the  air — or  be  or  contain  sulphur,  in  which  case  sulphurous  gas 
is  evolved,  detected  by  its  odour,  when  the  substance  is  exposed 
to  heat.  Eor  the  other  substances  proceed  according  to  ihe  fol- 
lowing (Bloxam's)  method : — 

Four  or  five  grains  of  the  substance  are  intimately  mixed  with 
twice  the  quantity  of  dried  carbonate  of  sodium,  and  this  mix- 
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ture  well  rubbed  in  a  mortar  with  five  times  its  weight  of  clefla- 
grating  flux  (1  of  finely  powdered  charcoal  to  6  of  nitre).  The 
resulting  powder  is  placed  in  a  thin  porcelain  dish,  or  crucible, 
or  clean  iron  tray,  and  a  lighted  match  applied  to  the  centre  of 
the  heap.  Deflagration  ensues,  and  decomposition  of  the  various 
substances  occurs,  the  acidulous  radicals  going  to  the  alkali 
metals  to  form  salts  soluble  in  water,  the  basylous  radicals  being 
simultaneously  converted  into  carbonates  or  oxides.  The  mass 
is  boiled  in  water  for  a  few  minutes,  the  mixture  filtered,  and 
the  residue  well  washed.  The  filtrate  may  then  be  examined  for 
acidulous  radicals  and  aluminium,  and  the  residue  dissolved  in 
dilute  hydrochloric  acid  and  analyzed  by  the  ordinary  method. 

The  only  substance  which  resists  this  treatment  is  chrome 
iron-ore. 

To  detect  alkali  in  felspar,  glass,  or  cryolite,  Bloxam  recom- 
mends deflagration  of  the  powdered  mineral  with  one  part  of 
sulphur  and  six  of  nitrate  of  barium.  The  mass  is  boiled  in 
water,  the  mixture  filtered,  hydrate  and  carbonate  of  ammo- 
nium added  to  remove  barium,  the  mixture  again  filtered,  and 
the  filtrate  evaporated  and  examined  for  alkalies  by  the  usual 
process. 

Hydrates  and  Oxides. 

If  no  acidulous  radical  can  be  detected  in  a  substance  under 
analytical  examination,  or  if  the  amount  found  is  obviously 
insufficient  to  saturate  the  quantity  of  basylous  radical  present, 
the  occurrence  of  oxides  or  hydrates,  or  both,  may  be  suspected. 
Confirmation  of  their  presence  will  be  found  in  the  general  rather 
than  in  any  special  behaviour  of  the  substances.  Some  hydrates 
yield  water  when  heated — in  a  dry  test-tube  held  nearly  hori- 
zontally in  a  flame,  so  that  moisture  may  condense  on  the  cool 
part  of  the  tube.  Some  oxides  yield  oxygen — detected  by  heating 
in  a  test-tube,  and  inserting  the  incandescent  end  of  a  strip  of 
wood.  Soluble  hydrates  cause  abundant  evolution  of  ammonia 
gas  when  heated  with  solution  of  chloride  of  ammonium.  Soluble 
hydrates  also  give  characteristic  precipitates  with  the  various 
metallic  solutions.  Hydrates  and  oxides  insoluble  in  water  not 
only  neutralize  much  nitric  acid  or  acetic  acid,  but  are  thereby 
converted  into  salts  soluble  in  water.    Most  oxides  and  hydrates 
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have  a  cliaracteristic  appearance.  In  short,  some  one  or  more 
properties  of  an  oxide  or  hydrate  will  generally  betray  its 
presence  to  the  student  who  not  only  has  knowledge  respecting 
chemical  substances,  but  has  cultivated  the  faculties  of  observa- 
tion and  perception. 


aUESTIOTTS  AKD  EXERCISES. 

647.  Describe  the  preliminary  treatment  to  which  a  salt  may 
be  subjected  prior  to  systematic  analysis. 

648.  Mention  substances  which  might  be  recognized  by  smell. 

649.  Which  classes  of  salts  are  heavy,  and  which  light  ? 

650.  J^ame  some  bodies  detectable  by  their  colour. 

651.  What  inference  may  be  drawn  from  the  appearance  of 
steam  when  dry  substances  are  heated  ? 

652.  Why  do  certain  crystals  decrepitate  ? 

653.  If  a  powder  sublimes  on  being  heated,  to  what  classes  of 
compounds  may  it  belong  ? 

654.  When  heat  causes  charring,  what  conclusion  is  drawn  ? 

655.  No  change  occurring  by  heat,  which  substances  cannot 
be  present? 

656.  Grive  examples  of  salts  which  are  identified  by  their  re- 
action with  strong  sulphuric  acid,  and  by  their  comportment  in  the 
blowpipe-flame,  with  or  without  borax  or  microcosmic  salt. 

657.  What  are  the  solvents  usually  employed  in  endeavouring 
to  obtain  a  substance  in  a  state  of  solution  ?  and  what  is  the  order 
of  their  application  ? 

658.  Name  a  few  salts  which  may  be  present  in  an  aqueous 
solution. 

659.  Mention  some  common  compounds  insoluble  in  water, 
but  soluble  in  hydrochloric  acid. 

660.  What  substances  are  only  attacked  by  nitric  acid  or 
nitro-hydrochloric  acid  ? 

661.  At  what  stage  of  analysis  do  arsenites  and  arseniates 
show  themselves  ? 

662.  Sketch  out  a  method  for  the  complete  analysis  of  a  liquid 
suspected  to  be  an  aqueous  solution  of  neutral  salts. 

663.  How  can  earthy  phosphates  and  oxalates  with  ferric 
oxide  be  separated  from  each  other  ? 

664.  How  would  you  proceed  to  analyze  an  alloy  ? 

665.  By  what  process  may  substances  insoluble  in  water  or 
acids  be  analyzed  ? 

666.  How  would  you  qualitatively  analyze  glass  ? 
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Except  alcohol  and  a  few  acids,  the  compounds  which  have 
hitherto  engaged  notice  have  been  of  mineral  origin.  Eiitthe  two 
other  kingdoms  of  nature,  the  animal  and  vegetable,  furnish  a 
large  number  of  definite  substances.  These,  indeed,  when  dis- 
covered, were  producible  only  by  organized  living  structures,  and 
were  hence  termed  organic  compounds*. 

A  few  of  these  compounds,  of  common  occurrence  in  pharmacy 
and  possessing  prominent  characteristics,  may  now  occupy  atten- 
tion ;  reactions  of  the  alkaloids  and  some  other  principles  may  be 
performed,  and  the  methods  of  examining  morbid  urine  be  expe- 
rimentally studied.  There  will  then  remain  to  be  studied  certain 
galenical,  as  distinguished  from  chemical,  substances,  solid  and 
liquid,  which  can  only  be  fairly  regarded  from  a  pharmacist's 
rather  than  a  chemist's  point  of  view,  and  a  still  larger  number, 
doubtless,  not  yet  brought  within  the  grasp  of  chemist  or  phar- 
macist, and  of  which,  therefore,  we  must  at  present  be  content  to 
remain  in  ignorance.  An  opportunity,  however,  will  be  afforded 
of  noticing  the  effect  of  such  organic  matter  as  a  vomit  or  the 
contents  of  a  stomach,  in  masking  or  preventing  the  reactions  by 
which  mineral  and  vegetable  poisons  are  detected. 


ALKALOIDS. 

Constitution  of  AlTcaloids  or  Organic  Bases. 

Natural  alkaloids. — The  alkaloids,  or  alkali-like  bodies  {el^os, 
eidos,  likeness),  have  many  analogies  with  ammonia.  ^  Their 
constitution  is  not  yet  known ;  but  they  are  probably  derivatives 
of  a  single  molecule  of  ammonia  (I^Hg),  or  of  double,  triple,  or 
quadruple  molecules  (N'.H,,  I^gH^,  l^^H^  j. 

Artificial  Alkaloids. — Numerous  artificial  alkaloids  or  organic 
bases,  unquestionably  having  the  constitution  just  mentioned,  have 

*  Organic,  from  opyavov,  org  anon  ^  an  organ.  A  large  number  of  organic 
compounds  can  now  be  obtained  artificially— without  the  aid  of  a  Hving 
organism ;  hence  the  distinction  formerly  drawn  between  organic  and  in- 
organic compounds,  organic  and  inorganic  chemistry,  is  fast  breaking  down. 
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already  been  formed.  These  are  sometimes  termed  amines^  and  are 
primary,  secondary,  and  tertiary  according  as  one,  two,  or  three 
atoms  of  hydrogen  in  ammonia  have  been  displaced  by  radicals, 
as  seen  in  the  following  general  formulae  (E  =  any  univalent 
radical.    Vide  Index,    Alcohol  radicals")  : — 

E]  El  El 

Hj^jN"  eIn  "^y^; 

HJ  HJ  Ej 

or  in  the  following  examples  : — 

C,H,-)  C,K1  C,H,1 

Etliylamine  or  Diethvlamine  or         Trietliylamine  or 

ethylia  (CsHyl^').        diethylia  (C4Hn»').      triethylia  (CgHis^). 

The  three  classes  have  also  been  termed  amidogen-,  imidogen-^ 
and  nitrile-bases. 

Mode  of  formation  of  Artificial  Alhaloids. — A  few  illustrations 
will  suffice.  Just  as  the  addition  of  iodide  of  hydrogen  (HI)  to 
ammonia  (that  is,  the  common,  tri-hydrogen  ammonia,  J^Hg) 
gives  iodide  of  common  ammonium  (NHHHIII  or  KH^I),  so  the 
addition  of  iodide  of  ethyl  (C^H.I  or  EtI)  (see  page  484)  to 
ammonia  (NII3)  gives  the  iodide  of  ethyl-ammonium  (J^HHHEtl, 
or  NHgEtl,  or  ^^HgC^HJ).  A  fixed  alkali  turns  out  common 
ammonia  (I^HHII)  from  the  iodide  (or  any  other  salt)  of  common 
ammonium ;  it  turns  out  ethyl- ammonia  (jSTIIIIEt)  from  the 
iodide  (or  any  other  salt)  of  ethyl- ammonium.  Ethyl-ammonia 
(or  ethylia,  or  ethylamine),  I^HHEt,  with  iodide  of  ethyl,  EtI, 
gives  iodide  of  diethyl-ammonium  (NHHEtEtl,  or  l^H^Et^I,  or 
]Sril2[^2^o]2-'^)'  Erom  the  latter,  potash  turns  out  diethyl- 
ammonia  (NIIEt^) ;  diethyl-ammonia  {diethylia  or  diethylamine) 
with  iodide  of  ethyl  gives  iodide  of  triethyl-ammonium  (SlIEtgl). 
The  latter  with  alkali  gives  triethyl- ammonia  or  triethylia  or 
triethylamine  (NEtg),  and  this  with  iodide  of  ethyl  gives  iodide 
of  tetrethyl-ammonium,  ISTEt^I. 

"What  has  just  been  stated  respecting  iodide  of  ethyl  is  true  of 
other  salts  of  ethyl ;  and  what  is  true  of  salts  of  ethyl  is  true  of 
salts  of  an  immense  number  of  other  radicals — univalent,  bivalent, 
etc. ;  so  that  a  vast  number  of  artificial  alkaloids  and  their  salts 
can  be  produced.  The  reactions  are  not  always  so  sharp  as  those 
just  given.  Mixtures  of  primary,  secondary,  and  tertiary  com- 
pounds rather  than  either  alone  often  result  in  an  experiment ; 
but  the  reactions  are  typically  true. 
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Some  of  these  artificial  alkaloids  not  only  resemble  natural 
alkaloids  but  are  strong  caustic  liquids,  like  solution  of  ammonia. 

Then,  the  displacing  radical  in  an  artificial  alkaloid  or  its  salt 
may  not  only  be  of  one  kind,  as  indicated  in  the  preceding  para- 
graphs, but  of  different  kinds  ;  and  while  the  radical  displacing 
one  atom  of  hydrogen  is  keeping  its  place,  any  of  the  many  known 
radicals  may  occupy  the  position  of  one  or  all  of  the  other  atoms 
of  hydrogen.  Thus,  for  example,  we  have  methyl-ethyl-amyl- 
amine  (C^H^^lvr,  or  J^CHgC^KC.H^^,  or  JN'MeEtAy),  a  colourless, 
oily  body,  of  agreeable  aromatic  odour.  The  empirical  formulao 
of  morphia,  quinia,  &c.  may  some  day  be  similarly  resolvable  into 
rational  formulge.  Their  artificial  production  will  then  quickly 
follow. 

Propylamine  or  tritylia  (C^H.HHN)  is  a  volatile  oil,  one  pro- 
duct of  the  destructive  distillation  of  bones  and  other  animal 
matters. 

The  organic  bases  derived  from  one  molecule  of  ammonia  are 
termed  monamines  ;  from  two  molecules,  diamines  ;  from  three, 
tri amines  ;  and  from  four,  tetramines : — 


In  these  amines,  any  bivalent,  trivalent,  or  quadrivalent  radical 
may  occupy  the  place  of  two,  three,  or  four  univalent  radicals. 

Evidence  of  Constitution  of  the  Natural  Alkaloids, — Attempts 
to  form  artificially  the  important  natural  organic  bases  have 
hitherto  failed ;  but  the  primary,  secondary,  or  tertiary  character 
of  some  of  them  has  been  indicated  by  the  introduction  or  elimi- 
nation of  methyl,  ethyl,  and  other  radicals  for  hydrogen. 

Note  on  Nomenclature  of  Natural  Alkaloids. — The  first  syllables 
of  the  names  of  the  natural  alkaloids  recall  the  name  of  the  plant 
whence  they  were  obtained,  or  some  characteristic  property.  It 
is  to  be  regretted  that  the  last  syllable  is  not  either  ine  or  ia, 
instead  of  sometimes  one  and  sometimes  the  other :  general  usage 
seems  to  be  in  favour  of  the  latter,  a  plan  that  distinguishes  the 
alkaloids  from  some  other  substances  the  names  of  which  end  in 
ine,  as  chlorine,  bromine,  iodine,  fluorine,  glycerine,  gelatine,  etc. 
The  names  of  the  salts  of  the  alkaloids  are  given  on  the  assump- 
tion that  the  acid  unites  with  the  alkaloid  without  decomposition. 
Thus  hydrochlorate  of  morphia  is  regarded  as  morphia  with 
hydrochloric  acid,  just  as  we  might  assume  sal-ammoniac  to  be 
ammonia  (^^^Hg)  with  hydrochloric  acid  (HCl),  and  name  it  hydro- 
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chlorate  of  ammonia  (ISTHgHCl)  instead  of  chloride  of  ammonium 
(NH.Cl). 

Antidotes. — In  cases  of  poisoning  by  alkaloids,  emetics  and  the 
stomach-pump  must  be  relied  on  rather  than  chemical  agents. 
But  astringent  liquids  may  be  administered,  for  tannic  acid  preci- 
pitates many  of  the  alkaloids  from  their  aqueous  solution,  absorp- 
tion of  the  poison  being  thus  possibly  retarded. 

MOEPHIA,  OE  MOEPHINE. 

Formula  C^.H^glsTO^,  H.O.    Molecular  weight  303. 

Occurrence. — Morphia  occurs  in  opium  (the  inspissated  juice  of 
the  fruit,  Fajoaveris  capsulce,  of  the  White  Poppy,  Papaver  somni- 
ferum)  as  meconate  of  morphia.  The  dried  poppy-capsule  of 
pharmacy  contains  opium  principles,  but  varying  much  in  nature 
and  proportion.  Ordinary  Asia-Minor  opium  (Turkey,  Smyrna, 
or  Constantinople  opium)  contains,  when  dried,  from  10  to  15  per 
cent,  of  morphia. 

Process  for  HydrocJilorate. — The  hydrochlorate,  C^^H-g]N03,IICl, 
SH^O  {Morpliim  Hydrochloras,  B.  P.),  occurs  in  slender  white 
acicular  crystals ;  it  is  prepared  by  simply  decomposing  an 
aqueous  infusion  of  opium  with  chloride  of  calcium,  meconate  of 
calcium  and  hydrochlorate  of  morphia  being  produced.  (If  the 
infusion,  which  is  always  acid,  be  first  nearly  neutralized  by  the 
cautious  addition  of  small  quantities  of  a  very  dilute  solution  of 
ammonia,  the  chloride  of  calcium  then  at  once  causes  a  precipitate 
of  meconate  of  calcium,  which  can  be  filtered  off,  leaving  a 
coloured  solution  of  hydrochlorate  of  morphia.  On  the  large 
scale — vide  B.  P. — the  details  are  somewhat  different.)  The  salt 
is  partially  purified  by  crystallization  from  the  evaporated  liquid, 
then  by  treatment  of  the  solution  of  the  impure  hydrochlorate  by 
animal  charcoal,  and  lastly  by  precipitation  of  the  morphia  from 
the  still  coloured  liquid  by  ammonia  and  resolution  of  the  morphia 
in  hot  dilute  hydrochloric  acid;  hydrochlorate  of  morphia  separates 
out  on  cooling. 

Process  for  Acetate. — Acetate  of  morphia  (C^^H^gKOgC^H^O^) 
{Morphice  Acetas,  B.  P.)  is  a  white  pulverulent  salt  prepared  by 
dissolving  morphia  in  acetic  acid,  the  morphia  being  prepared 
from  a  solution  of  the  hydrochlorate  by  precipitation  with 
ammonia.  Eight  parts  of  hydrochlorate  yield  about  seven  of 
acetate.  One  part  of  acetate,  so  made,  in  sixty  of  water  forms 
the  Injectio  MorjoJiioe  Hypodermica,  B.  P. 
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Both  the  hydroclilorate  and  acetate  of  morphia  are  soluble  in 
water,  but  the  solution  is  not  stable  unless  acidulated  and 
containing  alcohol ;  hence  the  official  solutions,  4  grains  in  one 
ounce  (^Liquor  MorjyJiice  Hydrocliloratis,  B.  P.,  and  Liquor  Morpliim 
Acetatis,  B.  P.),  consist  of  three  parts  water  and  one  part  rectified 
spirit,  a  few  minims  per  ounce  of  hydrochloric  or  acetic  acid 
being  added.  The  other  preparations  official  in  the  British  Phar- 
macopoeia are  Suppositoria  MorpTiim,  TrocMsci  MorpliicB,  and 
Trocliisd  Morpliim  et  Ipecacuanlice. 

When  a  simple  but  strong  solution  of  acetate  of  morphia  in 
water  is  required  (for  hypodermic  injection),  one  part  of  the  salt, 
if  recently  made,  may  be  dissolved  in  six  parts  of  water.  If  the 
acetate  of  morphia  is  old,  it  either  will  not  dissolve,  or,  if  dissolved 
by  aid  of  warmth  and  a  little  acetic  acid,  will  soon  be  re-deposited. 
The  aqueous  solution,  however  well  made,  cannot  be  kept  in  its 
normal  condition  for  any  great  length  of  time. 

Other  alkaloids  exist  in  opium.  In  the  above  process  a  con- 
siderable quantity  of  an  alkaloid  of  very  weak  basic  properties, 
narcotine  {Q^^^^O^^  {Narcotina,  P.  I.),  remains  in  the  exhausted 
opium,  and  may  be  extracted  by  digesting  in  acetic  acid,  filtering, 
and  precipitating  by  ammonia.  It  crystallizes  in  brilliant  needles 
from  alcohol  or  ether.  Codeia  (G^^H^^'NO^,  ^2^)  soluble  in  the 
slight  excess  of  ammonia  employed  in  precipitating  the  morphia. 
From  the  mother-liquors  there  have  also  been  obtained  thehaia 
(C^.H^.NOg),  papaverine  (C.^H.^T^TOJ,  opianine  (C.^H^^JSTO,  ?), 
narceia  (C^gll^glsrOg),  cryptopia  (C^^H^gl^Og),  meconine  (C^^IL^fiJ, 
laudanine  (G^Jl^.'NO^),  codamine  (C^gll^gJN'OJ,  pseudomorpliia 
(C^^H^glN'OJ,  ^proiopine  (C,qH^,N"0,),  laudanosine  (C^.H.^NOJ, 
hydroGotarnine  (C^^H^.IS'Og),  rlioeadine  (C^oH^^NO^,),  meconidine 
{C,,H,3N0J,  lantliopine  (C,3lI,,N0J. 

AlS-ALYTICAL  ReACTIOI^^S. 

First  Analytical  Reaction. — To  a  minute  fragment  of  a  salt  of 
morphia  add  one  drop  of  water,  and  warm  the  mixture  until  the 
salt  dissolves,  then  stir  the  liquid  with  a  glass  rod  moistened  by 
a  strong  neutral  solution  of  perchloride  of  iron  ;  a  dirty  blue 
colour  is  produced.  This  efi'ect  is  not  observed  in  dilute 
solutions. 

Second  Analytical  Reaction. — To  a  drop  or  two  of  a  strong 
solution  of  a  morphia  salt  in  a  test-tube  add  a  minute  fragment 
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of  iodic  acid  (HIO3,  page  329);  iodine  is  set  free.  Into  the 
upper  part  of  the  tube  insert  a  glass  rod  covered  with  mucilage 
of  starch,  and  warm  the  solution;  dark-blue  starch  iodide  is 
produced.  If  the  mixture  of  morphia  and  iodic  acid  be  shaken 
up  with  chloroform  or  bisulphide  of  carbon  a  violet  solution  is 
obtained. 

This  reaction  is  only  confirmatory  of  others,  as  albuminous 
matters  also  reduce  iodic  acid. 

Third  Analytical  Reaction, — To  a  few  drops  of  an  aqueous 
infusion  of  opium  add  a  drop  of  neutral  solution  of  perchloride  of 
iron ;  a  red  solution  of  meconate  of  iron  is  produced.  Add  solu- 
tion of  corrosive  sublimate ;  the  colour  is  not  destroyed  (as  it  is 
in  the  case  of  suiphocyanide  of  iron,  a  salt  of  similar  tint). 

In  cases  of  poisoning  by  a  preparation  of  opium,  this  test  is 
almost  as  conclusive  as  a  direct  reaction  of  morphia  (the  poison 
itself),  meconic  acid  being  obtainable  from  opium  only. 

Other  Reactions. — Add  carbonate  of  sodium  to  a  solution  of  a 
salt  of  morphia  ;  a  white  precipitate  of  morphia  falls,  slowly  and 
of  a  crystalline  character  if  the  solution  is  dilute.  Collect  this 
precipitate  and  moisten  it  with  neutral  solution  of  perchloride  of 

iron;  the  bluish  tint  above  referred  to  is  produced.  Add  an 

alkali  to  a  solution  of  hydrochlorate  or  acetate  of  the  alkaloid ; 
morphia  is  precipitated,  soluble  in  excess  of  the  fixed  alkali,  far 

less  readily  so  in  ammonia.  ^Moisten  a  particle  of  a  morphia 

salt  with  nitric  acid ;  an  orange-red  coloration  is  produced.  

Heat  morphia  on  platinum  foil ;  it  burns  entirely  away. 

Apomoephia  (C^^H^^ISTO^). 
Apomorphia  (otTro,  apo,  from,  and  morphia)  is  an  alkaloid 
obtained  from  morphia  by  Matthiessen  and  Wright.  It  possesses 
remarkable  physiological  effects ;  one  tenth  of  a  grain  (in  aqueous 
solution)  injected  under  the  skin,  or  a  quarter  of  a  grain  taken 
into  the  stomach,  is  said  to  produce  vomiting  in  from  four  to  ten 
minutes. 
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Process. — Hydroclilorate  of  morphia  is  hermetically  sealed  in  a 
thick  tube  with  considerable  excess  of  hydrochloric  acid,  and 
heated  to  nearly  300°  ¥.  for  two  or  three  hours.  The  product  is 
purified  by  diluting  the  contents  of  the  tube  with  water,  precipi- 
tating with  bicarbonate  of  sodium,  and  treating  the  precipitate 

with  ether  or  chloroform.  On  shaking  up  the  ethereal  or 

chloroform  solution  with  a  very  small  quantity  of  strong  hydro- 
chloric acid,  the  sides  of  the  vessel  become  covered  with  crystals 
of  the  hydrochl orate  of  the  new  base.  These  may  be  drained 
from  the  mother-liquor,  washed  with  a  little  cold  water,  in  which 
the  salt  is  sparingly  soluble,  recrystallized  from  hot  water,  and 
dried  on  bibulous  paper  or  over  sulphuric  acid.  The  formula 
(C^^H^^NO^,  HCl)  indicates  that  the  new  alkaloid  is  derived  from 
morphia  by  abstraction  of  the  elements  of  water. 

Codeia  also,  according  to  the  same  chemists,  yields  apomorphia 
by  similar  treatment,  a  reaction  that  would  seem  to  indicate  that 
codeia  is  methyl-morphia : — 

C,,H^,CH3HI^03  +  HCl  =  CH3CI  +  H,0  +  C^^H^.JSTO, 

Codeia.  CM.  of  methyl.  Apomorphia. 

Er.  C.  R.  A.  Wright  has  recently  obtained  several  new  deriva- 
tives of  codeia. 


QUESTIOjJ^S  AISTD  EXERCISES. 

667.  Write  some  general  formulae  of  artificial  alkaloids. 

668.  Kame  the  substances  represented  by  the  following  for- 
mulae : — 

CH3I 
CH3J 

669.  What  is  the  assumed  constitution  of  the  salts  of  the 
alkaloids  ? 

670.  Describe  the  treatment  in  cases  of  poisoning  by  alka- 
loids. 

671.  Give  the  official  process  for  the  preparation  of  Hydro- 
chlorate  of  Morphia.  In  what  form  does  morphia  occur  in 
opium  ? 

672.  How  is  Acetate  of  Morphia  prepared  ? 


C3H, 

H 

CH3 

H 

H 
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673.  What  plan  is  adopted  for  preventing  tlie  decomposition 
of  the  official  solutions  of  morphia  ? 

674.  Mention  the  analytical  reactions  of  morphia. 

675.  In  addition  to  the  reactions  of  morphia,  what  test  may 
be  employed  in  searching  for  opium  in  a  liquid  or  semifluid 
material  ? 

676.  How  is  apomorphia  prepared?  and  what  are  its  pro- 
perties ? 

677.  Describe  the  relation  of  morphia  to  codeia. 


aUINIA,  OE  aUININE. 

Eormula  C^^'^^J^p^,  3H,0.    Molecular  weight  378. 

Source. — Quinia  and  other  similar  alkaloids  exist  in  cinchona- 
bark  as  kinates.  In  the  yellow  bark  {Cinchonce  Flavce  Cortex^ 
E.  P.,  from  Cinchona  Calisaya)  chiefly  quinia  is  present ;  in  the 
pale  (Loxa  or  Crown)  bark  (CincJionce  Fallidce  Cortege,  B.  P., 
chiefly  from  C.  officinalis)  other  alkaloids  are  more  frequently 
found ;  while  in  the  red  hduiki^Cinchonm  Huhrce  Cortex,  E.  P.,  from 
C,  succirubra)  the  alkaloids  occur  in  irregular  proportions. 

Process  for  Sulphate. — Sulphate  of  quinia  (Quinice  Sulphas, 
E.  P.)  is  prepared  by  treating  the  yellow  bark  with  dilute  hydro- 
chloric acid,  precipitating  the  resulting  solution  of  hydrochlorate 
of  quinia  by  soda,  and  redissolving  the  precipitated  quinia  in  the 
proper  proportion  of  hot  dilute  sulphuric  acid.  This,  the  common 
commercial  sulphate,  crystallizes  out  on  cooling  in  silky  acicular 
crystals,  one  molecule  containing  two  atoms  of  quinia  (20.^^11^^^  fi^), 
one  of  sulphuric  acid  (H^SO^),  and  eight  of  water  of  crystallization 
(8H,0). 

The  details  of  the  official  process  are  as  follows  : — 
Take  of 

Yellow  Cinchona-bark,  in  coarse  powder     1  pound, 

Hydrochloric  Acid  3  fluid  ounces, 

Distilled  Water  a  sufficiency. 

Solution  of  Soda  4  pints  (or  less). 

Diluted  Sulphuric  Acid  a  sufficiency. 


Dilute  the  hydrochloric  acid  with  ten  pints  of  the  water. 
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Place  the  cincliona-bark  in  a  porcelain  basin,  and  add  to  it 
as  much  of  the  diluted  hydrochloric  acid  as  will  render  it 
thoroughly  moist.  After  maceration,  with  occasional  stirring, 
for  twenty-four  hours,  place  the  bark  in  a  displacement-appa- 
ratus, and  percolate  with  the  diluted  hydrochloric  acid  until  the 
solution  which  drops  through  is  nearly  destitute  of  bitter  taste. 
Into  this  liquid  (solution  of  hydrochlorate  of  quinia)  pour  some  so- 
lution of  soda,  agitate  well,  let  the  precipitate  (quinia)  completely 
subside,  decant  the  supernatant  fluid,  collect  the  precipitate  on  a 
filter^  and  wash  it  with  cold  distilled  water  until  the  washings 
cease  to  have  colour.  Transfer  the  precipitate  to  a  porcelain  dish 
containing  a  pint  of  distilled  water,  and,  applying  to  this  the  heat 
of  a  water-bath,  gradually  add  diluted  sulphuric  acid  until  very 
nearly  the  whole  of  the  precipitate  has  been  dissolved  and  a 
neutral  liquid  has  been  obtained.  (Or  add  about  half  the  pre- 
ci]3itated  quinia  to  some  water  in  an  evaporating-basin,  warm  the 
mixture  and  pour  in  diluted  sulphuric  acid  until  the  precipitate 
has  dissolved  and  the  liquid  is  neutral  or  only  faintly  acid,  then 
add  the  other  half,  stir  well,  and  again  heat  the  liquid.)  Pilter 
the  solution  (sulphate  of  quinia)  while  hot  through  paper,  wash 
the  filter  with  boiling  distilled  water,  concentrate  till  a  film  forms 
on  the  surface  of  the  solution,  and  set  it  aside  to  crystal- 
lize. The  crystals  should  be  dried  on  filtering-paper  without  the 
application  of  heat. 

Sulphate  of  quinia,  the  common  or  so-called  disulpliate — (C^^ 
^24^2^2)2'  I^2^^4'  SH^O, — is  only  slightly  soluble  in  water ;  on  the 
addition  of  dilute  sulphuric  acid  the  so-called  neutral  sulphate,  or 
soluble  sulphate  (C^qH^^J^^O^,  H^SO^,  TH^O),  is  formed,  which  is 
freely  soluble.  The  latter  salt  may  be  obtained  in  large  rectan- 
gular prisms*.  An  add  sulphate  {O^^^^^Jd^,  2H^S0„  7H,0) 
also  exists. 

We  do  not  know  whether  or  not  these  sulphates  are  ordinary  sulphates, 
the  hydrogen  of  the  acid  going  over  to  the  quinia  molecule,  nor  whether  or 
not  the  quinia  molecule  is  univalent  or  bivalent ;  hence  we  cannot  say  whether 
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The  ordinary  disulphate  of  quinia  is  more  soluble  in  alcohol  or 
alcoholic  liquids  than  in  water ;  hence  the  Tinctura  Quinice,  B.  P., 
which  is  a  solution  (saturated  at  55°  or  60°  P.)  of  the  salt  in 
tincture  of  orange-peel  (eight  grains  in  the  ounce).  An  Ammo- 
niated  Tincture  (Tinctura  Quinice  Ammoniata,  E.  P.)  of  similar 
strength  is  made  by  dissolving  the  sulphate  in  proof  spirit  and 
adding  a  large  excess  of  solution  of  ammonia.  This  tincture  con- 
tains quinia  itself  liberated  from  combination  by  the  ammonia  ; 
the  former  tincture  contains  the  sulphate  of  quinia.  Quinia  wine 
(Vinum  Quinice^  B.  P.)  is  a  solution  of  neutral  sulphate  and 
citrate  of  quinia  in  orange  wine,  made  by  dissolving  the  disul- 
phate (one  grain  in  the  ounce)  in  orange  wine  by  the  help  of 
citric  acid.  The  solid  of&cial  preparation  of  the  pure  disulphate 
is  Pilula  Quinice,  containing  three  parts  salt  to  one  of  confection 
of  hips.  The  remaining  Pharmacopoeial  preparation  of  quinia  is 
the  mixed  citrates  of  iron,  ammonium,  and  quinia  (Ferri  et  Quinice 
Citras^  B.  P.),  the  well-known  scale  compound.  It  is  made  by 
dissolving  ferric  hydrate,  prepared  from  ferric  sulphate,  and 
quinia,  prepared  from  the  sulphate,  in  solution  of  citric  acid,  am- 
monia also  being  added :  the  liquid,  evaporated  to  a  syrupy  con- 
sistence and  dried  in  thin  layers  on  glass  plates,  yields  the  usual 
greenish-yellow  scales  {vide  p.  163). 

Citrate  of  Quinine  has  the  formula  (C^QR^J^fi^\,  HgCgHgO^, 
5H,0. 

Eeactioi\^s. 

First  Analytical  Reaction. — To  a  solution  of  quinia  or  its  salts 
in  faintly  acid  water  add  fresh  chlorine- water  and  then  solution 
of  ammonia ;  a  green  coloration  (thalleioquin  or  dalleiochin)  is 
produced.  According  to  Pliickiger,  in  very  dilute  solutions 
of  quinine  bromine-vapour  is  more  useful  than  chlorine  for  this 
reaction. 

Second  Analytical  Reaction. —'Re'pesit  the  foregoing  reaction,  but 
precede  the  addition  of  solution  of  ammonia  by  that  of  solution 


the  common  sulphate  or  the  soluble  sulphate  is,  in  constitution,  the  neutral 
sulphate.  In  the  above  paragraph,  the  names  disulphate,  neutral  sulphate^ 
acid  sulphate,  indicate  nothing  more  than  that  the  first  sulphate  contains 
in  one  molecule  two  atoms  (chemical  atoms)  of  quinine  to  one  of  sulphuric 
acid,  the  second  one  of  each,  and  the  third  two  of  acid  to  one  of  quinine. 

TJ 
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of  ferrocyanide  of  potassium ;  an  evanescent  red  coloration  is 
produced  (Livonius  and  Yogel). 

Third  Analytical  Reaction. — Quinia  may  be  impure  from  the 
presence  of  tlie  other  alkaloids  of  cinchona -bark ;  the  following 
tests  will  determine  the  point.  The  first  is  Stoddart's  modification 
of  Liebig's  process. 

Into  a  glass  tube  or  bottle  put  ten  grains  of  the  suspected  salt, 
dissolve  in  10  minims  of  dilute  sulphuric  acid  and  60  minims  of 
distilled  water;  to  this  add  150  minims  oi pure  ether,  3  minims 
of  spirit  of  wine,  and  40  minims  of  a  solution  of  soda  (1  part  of 
solid  hydrate  to  12  of  water).  Agitate  well  and  set  aside  for 
twelve  hours,  when,  if  the  slightest  trace  of  quinidia  or  cinchonia 
be  present,  they  will  be  seen  at  the  line  of  separation  between  the 
ether  and  the  solution  of  sulphate  of  sodium. 

If  only  a  small  percentage  of  quinidia  be  present,  it  will  ap- 
pear as  an  oily  substratum,  appearing  under  a  lens  as  dust,  from 
the  minuteness  of  its  particles.  Cinchonia  will  appear  more  de- 
cidedly crystalline.  With  a  little  practice  the  eye  will  easily 
distinguish  which  of  the  alkaloids  is  deposited. 

Fourth  Analytical  Beaction. — This  is  Stoddart's  chemico-mi- 
croscopic  test.  Into  an  ounce  of  distilled  water  drop  10  drops  of 
dilute  sulphuric  acid  (British  Pharmacopoeia  strength).  To  this 
add  14  grains  (or  as  much  as  wiU  saturate  the  acid)  of  the  sus- 
pected salt.  Filter  through  paper,  and  to  a  little  of  the  filtered 
solution  add  a  few  drops  of  solution  of  sulphocyanide  of  potassium 
(180  grains  in  1|  ounce  of  water).  An  immediate  precipitate  of 
the  several  alkaloids  takes  place,  each  of  which  is  distinct  and  cha- 
racteristic. If  quinia,  quinidia,  and  cinchonia  be  present  they 
will  all  be  seen  on  the  slide,  becoming  more  and  more  distinct 
during  the  first  hour.  A  good  plan  is  to  place  on  a  glass  slip 
a  drop  of  the  solution  to  be  tested,  and  put  another  of  the 
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siilphocyanide  by  its  side — the  drops  not  being  larger  than  good- 
sized  pin-heads.  Over  both  place  a  piece  of  thin  glass,  which 
will  cause  the  drops  to  touch.  Examine  the  line  of  junction 
under  a  half- inch  object-glass,  when  the  crystals  are  readily  seen 
and  recognized.  By  this  method  y^J-Q  o  ^  grain  of  quinidia  or 
cinchonia  may  be  easily  detected.  The  particles  arrange  them- 
selves into  the  respective  groups — the  long  slender  needles  of  the 
quinia  salt,  the  round  crystalline  masses  of  the  quinidia,  and  the 
large  well-formed  prisms  of  the  cinchonia  salts.  This  reaction  is 
sufficiently  constant  to  enable  an  observer  who  has  accustomed 
himself  to  the  microscopic  appearance  of  the  three  pure  sulphocya- 
nides  to  at  once  distinguish  the  respective  salts  from  each  other. 

The  sulphocyanide-of-potassium  solution  should  be  of  the 
strength  indicated.  If  not  at  hand  it  may  quickly  be  made,  suf- 
ficiently pure  for  this  reaction,  by  the  following  process : — Cyanide 
of  potassium  (fused),  sublimed  sulphur,  of  each  120  grains ;  dis- 
tilled water  an  ounce  and  a  half.  Boil  in  a  glass  flask  for  fifteen 
minutes,  filter,  and  make  up  the  quantity  to  1|  ounce  with 
sufficient  distilled  water. 

A  small  quantity  of  quinia  in  much  cinchonia  or  quinidia  can- 
not be  recognized  by  the  above  reaction.  Therefore,  before  con- 
cluding that  no  quinia  is  present  in  a  specimen  of  those  alkaloids, 
the  sample  should  be  treated  with  ether,  filtered,  the  solution 
evaporated  to  dryness,  and  the  residue,  if  any,  examined  for  quinia. 

Fifth  Analytical  Eeaction, — Pormation  of  lodo -sulphate  of 
Quinine.  Dissolve  sulphate  of  quinine  in  weak  spirit  of  wine 
slightly  acidulated  with  sulphuric  acid  and  add  an  alcoholic  solu- 
tion of  iodine ;  a  black  precipitate  forms.  Allow  the  precipitate 
to  settle,  pour  away  the  fluid,  wash  once  or  twice  with  alcohol 
and  then  boil  with  alcohol ;  on  cooling  minute  crystals  separate 
having  the  optical  properties  of  the  mineral  tourmaline.  This 

iodo-sulphate  is  sometimes  termed  Herapathite,  from  the  name 

u2 


436 


THE  ALKALOIDS. 


of  its  discoverer.  It  is  so  slightly  soluble  in  water  that  by  its 
means  quinine  can  be  separated  from  its  admixture  with  the  other 
cinchona  alkaloids. 

Other  Characters. — Concentrated  sulphuric  acid  dissolves  qui- 
nia  with  production  of  only  a  faint  yellow  colour  ;  salicin,  with 
which  quinia  may  possibly  be  adulterated,  slowly  gives,  under 

the  same  circumstances,  a  deep  red.  Concentrated  nitric  acid 

dissolves  quinia,  yielding  a  colourless  solution ;  on  heating,  the 
solution  becomes  yellowish.  Quinia  and  its  salts,  heated  on  pla- 
tinum foil,  burn  entirely  away.  Salicin  in  quinia  may  be  de- 
tected by  several  other  tests  (vide  "  Salicin  "  in  Index). 

Analytical  Reactions  of  other  Cinchona-alJcaloids.  Cinchonine. 
Quinidine,    Cinchonidine,  Quinamine. 

Quinia  is  analytically  distinguished  from  the  other  crystalline 
cinchona-alkaloids  by  its  comparatively  great  solubility  in  ether. 
It  is  distinguished  from  a  certain  "  amorphous  alkaloid  "  and 
alkaloids  soluble  in  ether,  by  the  insolubility  of  its  iodo-sulphate. 

Chwhonia  or  Cinchonine  (C^JI^J^fi)  does  not  give  the  green 
coloration  with  chlorine-water  and  ammonia,  and  its  solution  is 
not  fluorescent.  Sulphate  of  cinchonia,  like  sulphate  of  quinia, 
when  heated  fuses  to  a  resinoid  mass  of  a  rich  red  colour.  Cin- 
chonia and  quinia  are  distinguished  from  morphia  by  non- solu- 
bility of  the  alkaloid  precipitated  by  a  fixed  alkali  in  excess  of  the 
alkaline  solution.  (Strychnia  is  also  precipitated  by  fixed  alka- 
lies and  insoluble  in  excess ;  but  this  alkaloid  has  such  strongly 
marked  reactions  of  its  own  as  to  preclude  confusion.) 

Quinidia  or  Quinidine  (the  Con  quinine  or  Conchinine  of  Hesse) 
is  an  isomer  of  quinia.  Its  solution  resembles  one  of  quinia  in 
being  fluorescent  and  in  giving  the  green  coloration  with  chlorine- 
water  and  ammonia.  Sulphate  of  quinidia  is  far  more  soluble  in 
chloroform  than  is  either  of  the  other  alkaloid  sulphates. 

Quinidia  is  analytically  separated  from  the  other  alkaloids  by 
solution  of  iodide  of  potassium,  which  precipitates  the  extremely 
slightly  soluble  hydriodate  of  quinidia. 
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Cinclionidia  or  CincJionidine  is  an  isomer  of  einclionia.  Cin- 
chonidia  is  precipitated  from  admixture  with  cinchonia  and 
quinidia  by  adding  tartrate  of  sodium,  which  precipitates  the 
almost  insoluble  tartrate  of  cinchonidia.  Solutions  of  cinchonidia 
are  not  fluorescent  and  do  not  give  thalleioquin. 

Oinchovatia  or  Cinchovatme  occurs  in  a  particular  variety  of 
cinchona-bark. 

Qainicia  or  Quimcine  and  Olnchonicia  or  Cinchonicine  are  the 
products  of  the  action  of  heat  on  quinia  and  cinchonia  respectively. 

Quinamia  or  Quinamine  (C^^IL^oNfi,^)  is  a  fifth  cinchona  alkaloid 
obtained  by  Hesse  in  1872  from  the  bark  of  Cinchona  succiruhra. 
Its  solution  is  not  fluorescent  and  does  not  give  thalleioquin. 

The  more  important  properties  of  the  Cinchona-alkaloids  are 
summarized  in  *  Pharmacographia  '  as  follows  : — 

a,  Hydrated  crystals  are  formed  by    Quinine,  Quinidine. 

J'  Cinchonine,  Cinchoni- 


No  hydrated  crystals  by 


1 


dine,  Quinamine. 
Quinine,  Quinidine  (1  in 
30),Quinamine,  and  the 
.  amorphous  alkaloids. 
Cinchonidine. 

Almost  insoluble  in  ether   Cinchonine. 

Quinidine,  Cinchonidine. 
f  Cinchonine,  Quinidine, 


h.  Abundantly  soluble  in  ether 

Sparingly  soluble  in  ether 
Almost  insoluble  in  ether  . 
c.  Levogyre  solutions  afl'orded  by 

Dextrogyre  solutions  afforded  by  \ 


d.  Thalleioquin  is  formed  by  .... 

Thalleioquin  cannot  be  obtained 
from  


Quinamine,  and  the 
amorphous  alkaloids. 
J  Quinine,  Quinidine,  Qui- 
\  nicine. 

f  Cinchonine,  Cinchoni- 
\     dine,  Quinamine,  Cin- 
chonicine. 


Fluorescence  is  displayed  by  solu- 1  r\  -  •      n  • 

tions  of  J      .7         1  Quinine,  Qumidme 

No  fluorescence  in  solutions  of  J  Cinchonine, 
pure  \ 


Cinchoni- 
dine, Quinamine. 


STKYCHNIA,  OE  STEYCHNINE. 

Eormula  C^^H^^N^O^.    Molecular  weight  334. 

Source. — This  alkaloid  exists,  to  the  extent  of  0*2  to  0*5  per 
cent.,  in  NuxYomica  {Strychnos  Nux  Vomica),  and  to  1*0  or  1*5 


438 


THE  ALKALOIDS. 


per  cent,  in  St.  Ignatius's  bean  (Strychnos  Ignatius),  chiefly  in 
combination  with  strychnic  or  igasuric  acid,  or,  after  slight  fer- 
mentation when  moistened,  with  lactic  acid. 

Process. — According  to  the  official  process  for  its  preparation 
(Strychnia,  B.  P.),  the  nuts,  disintegrated  by  subjection  to  steam 
and,  after  drying,  grinding  in  a  coffee-mill,  are  exhausted  with 
spirit,  the  latter  removed  by  distillation,  the  extract  dissolved  in 
water,  colouring  and  acid  matters  precipitated  by  acetate  of  lead, 
the  filtered  liquid  evaporated  to  a  small  bulk,  the  strychnia  pre- 
cipitated by  ammonia,  the  precipitate  washed,  dried,  and  ex- 
hausted with  spirit,  the  spirit  recovered  by  distillation,  and  the 
residual  liquid  set  aside  to  crystallize.  Crystals  of  strychnia 
having  formed,  the  mother-liquor  (which  contains  the  brucia  of 
the  seeds)  is  poured  away,  and  the  crystals  of  strychnia  washed 
with  spirit  (to  remove  any  brucia)  and  recrystallized. 

Properties. — Strychnia  occurs  "  in  right  square  octahedrons  or 
prisms,  colourless  and  inodorous ;  sparingly  soluble  in  water, 
but  communicating  to  it  its  intensely  bitter  taste ;  soluble  in 
boiling  rectified  spirit  and  in  chloroform,  but  not  in  absolute 
alcohol  or  in  ether." 

Eeaction-s. 

First  Analytical  Beaction. — Place  a  minute  particle  of  strych- 
nia on  a  white  plate,  and  near  to  it  a  small  fragment  of  red  chro- 
mate  of  potassium ;  to  each  add  one  drop  of  concentrated  sulphuric 
acid  :  after  waiting  a  minute  or  so  for  the  chromate  to  fairly 
tinge  the  acid,  draw  the  latter,  by  a  glass  rod,  over  the  strychnia 
spot ;  a  beautiful  purple  colour  is  produced,  quickly  fading  into 
a  yellowish  red.  The  following  oxidizing  agents  may  be  used  in 
the  place  of  the  chromate  : — puce-coloured  oxide  of  lead,  frag- 
ments of  black  oxide  of  manganese,  ferridcyanide  of  potassium, 
or  permanganate  of  potassium. 

This  reaction  is  highly  characteristic  ;  a  minute  fragment  dis- 
solved in  much  dilute  alcohol,  or,  better,  chloroform,  and  one 
drop  of  the  liquid  evaporated  to  dryness  on  a  porcelain  crucible- 
lid  or  other  white  surface,  yields  a  residue  which  immediately 
gives  the  purple  colour  on  being  oxidized  in  the  manner  directed. 

Other  Reactions. — Strong  sulphuric  acid  does  not  act  on  strych- 
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nia,  even  at  the  temperature  of  boiling  water,  a  fact  of  which  ad- 
vantage is  taken  in  separating  strychnia  from  other  organic 

matter  for  the  purposes  of  toxicological  analysis.  Sulpho- 

cyanide  of  potassium  produces,  even  in  dilute  solutions  of  strych- 
nia, a  white  precipitate,  which,  under  the  microscope,  is  seen  to 

consist  of  tufts  of  acicular  crystals.  Strong  nitric  acid  does 

not  colour  strychnia  in  the  cold,  and  on  heating  only  turns  it 
yellow. 

The  Physiological  Test, — A  small  frog  placed  in  an  ounce  of 
water  to  which  yq-q  of  a  grain  of  a  salt  (acetate)  of  strychnia  is 
added,  is,  in  two  or  three  hours,  seized  with  tetanic  spasms  on 
the  slightest  touch,  and  dies  shortly  afterwards. 

Strychnia  has  an  intensely  bitter  taste.  Cold  water  dissolves 
only  ^^Vu  P^^^  >  ^^^^  solution,  even  when  largely  diluted,  is 
distinctly  bitter.  Alcohol  is  a  somewhat  better  solvent.  The  salts 
of  the  alkaloid  are  more  soluble.  The  official  solution  (Liquor 
Strychnice,  B.  P.)  contains  four  grains  of  strychnia  to  the  ounce, 
the  solvent  being  three  parts  water,  one  part  spirit,  and  a  few 
minims  (6  per  ounce)  of  hydrochloric  acid  (rather  more  than 
sufficient  to  form  hydrochlorate  of  strychnia). 

Brucia,  or  Beuci]s-e  (0231126-^2^4'  4H2O),  is  an  alkaloid  accom- 
panying strychnia  in  ISTux  Vomica  and  St.  Ignatius's  bean  to  the 
extent  of  about  0*5  per  cent.  It  is  readily  distinguished  by  the 
intense  red  colour  produced  when  nitric  acid  is  added  to  it.  Iga- 
suria  is  another  alkaloid  of  'Nux  Vomica.  This  alkaloid  is  said 
to  occur  in  nine  varieties,  each  slightly  differing  from  the  others 
in  chemical  composition.  They  resemble  strychnia  in  physical 
properties.    Brucia  is  stated  to  be  convertible  into  strychnia. 

Gurarine,  the  active  principle  of  the  arrow-poison  termed  urari, 
ourari,  wourali,  or  woorara^  prepared  from  a  strychnos,  resembles 
strychnia  in  giving  colour  by  oxidation,  but  the  colour  is  more 
stable.  Iodide  or  platino- cyanide  of  potassium  do  not  with 
curarine  afford  precipitates  which  crystallize  from  alcohol  like 
those  of  strychnia.  Curarine,  also,  is  soluble  in  water.  Unlike 
strychnia  curarine  is  reddened  by  sulphuric  acid ;  it,  also,  is  not 
dissolved  out  by  ether  from  an  acid  or  alkaline  liquid. 

Distinction  of  Brucia  from  Morphia, — The  red  coloration  pro- 
duced by  the  action  of  nitric  acid  on  brucia  is  distinguished  from 
that  yielded  by  morphia  by  the  action  of  reducing  agents  (such 
as  stannous  chloride,  hyposulphite  of  sodium,  sulphydrate  of 
sodium),  whicli  decolorize  the  morphia-red,  but  change  that  of 
the  brucia  to  violet  and  green  (Cotton). 

Distinction  of  free  alkaloids  or  their  salts  from  each  other. — 
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This  is  accomplished  by  remembering  the  appearance  and  other 
physical  characters  of  the  substances  as  met  with  in  pharmacy, 
the  effect  of  heat,  the  action  of  such  solvents  as  water,  alcohol, 
and  ether,  the  influence  of  strong  and  diluted  acids,  strong  and 
weak  alkalies,  oxidizing  agents,  chlorine-water  and  ammonia, 
and  other  reagents. 


QUESTIOJ^S  AISTD  EXEECISES. 

678.  "What  alkaloids  are  more  or  less  characteristic  of  the 
different  varieties  of  cinchona-bark?  In  what  form  do  they 
occur  ? 

679.  Ey  what  method  is  Disulphate  of  Quinia  obtained  ? 

680.  Give  the  characters  of  disulphate  of  quinia. 

681.  Describe  the  tests  for  quinia. 

682.  How  is  the  adulteration,  of  disulphate  of  quinia  by  salicin 
detected  ? 

683.  Show  how  the  sulphates  of  quinidia  or  cinchonia  may  be 
proved  to  be  present  in  commercial  quinia. 

684.  How  are  cinchonia  and  quinia  distinguished  from  mor- 
phia? 

685.  Whence  is  Strychnia  obtained  ? 

686.  Describe  the  official  process  for  the  isolation  of  strychnia. 

687.  Give  the  characters  of  strychnia. 

688.  Enumerate  the  tests  for  strychnia,  and  describe  their 
mode  of  application. 

689.  By  what  reagent  is  brucia  distinguished  from  strychnia  ? 

690.  Distinguish  between  brucia  and  morphia. 

691.  By  what  general  methods  would  you  distinguish  common 
alkaloids  from  each  other  ? 


ALKALOIDS  OP  LESS  FEEUUENT  OCCUEHEIiirCE. 

AcoKiTiA,  AcoKiTTNA,  or  AcoNiTiNE  (C.^^qNO^)  is  an  alkaloid 
obtained  from  aconite  (Aconitum  Najpellus)  leaves  (Aconiti  Folia, 
B.  P.)  and  root  (Aconiti  Radix,  B.  P.).  The  alkaloid  itself  is 
only  slightly  soluble  in  water ;  it  occurs  in  the  plant  in  combina- 
tion with  a  vegetable  acid,  forming  a  soluble  salt. 

Process, — The  official  process  for  its  preparation  (Aconitia, 
B.  P.)  consists  in  dissolving  out  the  natural  salt  of  the  alkaloid 
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from  the  root  by  rectified  spirit,  recovering  tlie  latter  by  distil- 
lation, mixing  the  residue  with  wa^^r,  filtering,  precipitating  the 
aconitia  b}^  ammonia,  drying  the  precipitate  and  digesting  it  in 
ether  (in  which  some  of  the  accompanying  impurities  are  inso- 
luble), recovering  the  ether  by  distillation,  dissolving  the  dry 
residue  in  the  retort  in  water  acidulated  by  sulphuric  acid,  again 
precipitating  the  alkaloid  by  ammonia,  and  finally  washing  and 
drying. 

Properties. — Aconitia  usually  occurs  as  a  white  powder,  but 
has  been  obtained  and  studied  in  the  crystalline  state  by  Groves 
and  by  Duquesnel.  It  is  soluble  in  150  parts  of  cold  water,  50 
of  hot,  and  much  more  soluble  in  alcohol  and  in  ether.  It  is  one 
of  the  most  violent  poisons  known.  "  When  rubbed  on  the  skin 
it  causes  a  tingling  sensation,  followed  by  prolonged  numbness." 
The  thousandth  part  of  a  grain  on  the  tip  of  the  tongue  pro- 
duces, after  a  minute  or  so,  a  characteristic  tingling  sensation 
and  numbness ;  larger  quantities  rubbed  into  the  skin  cause 
numbness  and  loss  of  feeling.  To  a  strong  solution  of  phosphoric 
acid  (the  ordinary  acid  concentrated  over  a  water-bath  to  a 
syrupy  consistence)  a  mere  trace  imparts  a  lasting  violet  tint 
(Pliickiger).  Oil  of  vitriol  turns  it  of  a  yellowish  and,  after- 
wards, dirty  violet  colour. 

Several  alkaloids  have  been  obtained  from  different  species  and 
varieties  of  aconite.    They  are  under  research  by  chemists. 

The  tuberous  roots  of  Aconitum  ferox  and  other  species  consti- 
tutes the  hish  or  hikh  of  India  (Aconiti  ferocis  Radix,  P.  L).  It 
contains  a  variety  of  aconitine  termed  pseud-aconitine.  Much  of 
the  aconitine  of  pharmacy  is  pseud- aconitine. 

Unguentum  Aconitice,  E.  P.,  contains  eight  grains  of  the  alka- 
loid to  one  ounce  of  prepared  lard. 

Aconitum  Jieterophyllum,  Atis,  or  Atees  (Aconiti  TieterojpJiyTli 
Radix,  P.  1.)  contains  no  aconitia,  but  an  alkaloid  having  the 
formula  C^gH^^jST^O.  (Broughton,  in  '  Pharmacographia '). 

Atkopia,  or  Atkopine  (C^^H^gKOg),  exists  in  the  Belladonna^ 
or  Deadly  Mghtshade  {Atropa  Belladonna  ;  Belladonnce  Folia  e 
Radix,  B.  P.),  as  soluble  acid  malate  of  atropia. 

Process. — It  is  obtained  in  the  pure  state  by  exhausting  the 
root  with  spirit,  precipitating  the  acid  and  some  colouring-matter 
by  lime,  filtering,  adding  sulphuric  acid  to  form  sulphate  of 
atropia  (which  is  somewhat  less  liable  to  decomposition  during 
subsequent  operations  than  the  alkaloid  itself),  recovering  most 
of  the  spirit  by  distillation,  adding  water  to  the  residue,  and 
evaporating  till  the  remaining  spirit  is  removed  ;  solution  of 
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carbonate  of  potassium  is  then  poured  in  till  the  liquid  is  nearly 
but  not  quite  neutral,  by  which  resinous  matter  is  precipitated ; 
the  latter  is  filtered  away,  excess  of  carbonate  of  potassium  then 
added,  and  the  liberated  atropia  dissolved  out  by  shaking  the 
liquid  with  chloroform.  The  latter  solution,  having  subsided, 
is  removed,  the  chloroform  recovered  by  distillation,  the  residual 
atropia  dissolved  in  warm  spirit,  colouring-matter  separated  by 
digesting  the  liquid  with  animal  charcoal,  the  solution  filtered, 
evaporated,  and  set  aside  to  deposit  crystals. 

Solubility, — Atropia  is  sparingly  soluble  in  water,  the  liquid 
giving  an  alkaline  reaction — more  soluble  in  alcohol  and  ether. 

Tests. — Atropia- solutions  give  with  perchloride  of  gold  a  yellow 
precipitate.  One  drop  of  a  dilute  aqueous  solution  (two  grains  to 
the  ounce)  powerfully  dilates  the  pupil  of  the  eye.  It  is  generally 
applied  on  a  piece  of  thin  tissue  paper  or  small  disk  placed  between 
the  eyelid  and  the  eye. 

Preparation.  —  The  alkaloid  itself  (^Atropia),  its  sulphate 
(Atropioi  Sulphas,  a  colourless  powder  soluble  in  water,  made  by 
neutralizing  atropia  with  sulphuric  acid),  their  solutions  {Liquor 
Atropioi^  four  grains  per  ounce,  and  Liquor  Atropine  Sulphatis, 
four  grains  per  ounce),  and  an  ointment  (Unguentum  Atropioe, 
eight  grains  per  ounce)  are  the  preparations  official  in  the  British 
Pharmacopoeia. 

Daturia  or  Daturine,  an  alkaloid  in  Datura  Stramonium  or 
Thorn-apple  (Stramonii  Folia  et  Semina,  B.  P.)  and  in  Dhatura^ 
Datura  alba  (Daturce  Folia  et  Semina,  P.  I.),  appears  to  be  either 
identical  with  atropia,  or  very  closely  allied  to  it. 

Beberia,  Bebeeine,  BEBiRmE,  or  BiBiRiNE  (C^gH^^NOg),  is  an 
alkaloid  existing  in  the  bark  of  Bebeeru,  or  Bibiru  (Nectandra 
Hodicei). 

Process, — According  to  the  British  Pharmacopoeia,  it,  or  rather 
its  sulphate,  CggH^g^^^g,  H^SO^  (Beberice  Sidp)has,  B.  P.),  may 
be  prepared  by  exhausting  the  bark  {Nectandrce  Cortex,  B.  P.) 
with  water  acidulated  by  sulphuric  acid,  concentrating,  removing 
most  of  the  acid  by  lime,  filtering,  precipitating  the  alkaloid  by 
ammonia,  filtering,  drying,  dissolving  in  spirit  (in  which  some 
accompanying  matters  are  insoluble),  recovering  most  of  the  spirit 
by  distillation,  neutralizing  by  dilute  sulphuric  acid,  evaporating 
to  dryness,  dissolving  the  residual  sulphate  in  water,  evaporating 
to  the  consistence  of  a  syrup,  and  spreading  on  glass  plates,  drying 
the  product  at  140°  P.  Thus  obtained,  it  occurs  in  thin  dark- 
brown  translucent  scales,  yellow  when  powdered,  strongly  bitter, 
soluble  in  water  and  in  alcohol. 
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Tests. — Alkalies  give  a  pale  yellow  precipitate  of  beberia  when 
added  to  an  aqueous  solution  of  a  salt  of  the  alkaloid  ;  the  preci- 
pitate is  soluble  in  ether.  With  red  chromate  of  potassium  and 
sulphuric  acid  beberia  gives  a  black  resin,  and  with  nitric  acid  a 
yellow  resin. 

Buxine,  from  the  bark  of  Buogus  sempervirens ;  Pelosine,  or 
Cissampeline,  from  the  root  {Pareiroe  Badix^  B.  P.)  of  Cissampe- 
los  Pareira ;  and  Paricine,  from  a  false  Para  cinchona-bark,  are 
probably  identical  with  Beberine  (Fliickiger). 

Nectandria  (Cg^H.^gJ^OJ. — Drs.  Maclagan  and  Gamgee  have 
recently  discovered  this  second  alkaloid  in  Bebeeru-bark.  It 
differs  from  beberia  in  fusing  when  placed  in  boiling  water,  in 
being  much  less  soluble  in  ether,  in  giving  with  strong  sul- 
phuric acid  and  black  oxide  of  manganese  a  beautiful  green  and 
then  violet  coloration,  and  in  having  a  distinct  molecular  weight. 
They  are  of  opinion  that  two  other  alkaloids  exist  in  Bebeeru- 
bark. 

Bekbekia,  or  Berbekinb  (Cg^H^^FO^),  is  an  alkaloid  existing 
in  several  plants  of  the  natural  order  Berheridece  (three  species 
yield  Indian  Barberry,  Berheris  Cortex,  P.  1.),  in  Calumba-root 
(Calumbce  Badix^  B.  P.),  in  the  root  of  Coptis  Teeta,  or  Mishmi 
Bitter  (Coptidis  Radix,  P.  I.),  an  Indian  tonic,  and  in  many 
other  yellow  woods.  The  colour  of  the  tissues  of  these  vegetables 
is  apparently  due  to  berberia  ;  for  the  alkaloid  itself  is  remarkable 
for  its  beautiful  yellow  colour. 

Tests. — When  a  dilute  solution  of  iodine  in  iodide  of  potassium 
is  added  to  solution  of  any  salt  of  berberia  in  hot  spirit,  excess 
of  iodine  being  carefully  avoided,  brilliant  green  spangles  are 
deposited.  The  reaction  is  sufficiently  delicate  to  form,  according 
to  Perrins,  an  excellent  test  of  the  presence  of  berberia.  This 
iodo-compound  polarizes  light,  and  has  other  analogies  with  a 
similar  quinine-salt  termed  herapathite. 

Berberia  is  not  an  official  alkaloid ;  but  the  plants  in  which  it 
occurs  are  used  as  medicinal  agents  in  aU.  parts  of  the  world. 

Process. — Berberia  is  readily  extracted  by  boiling  the  raw 
material  with  water,  evaporating  the  strained  liquid  to  a  soft 
extract,  digesting  the  residue  in  alcohol,  recovering  the  alcohol 
by  distillation,  boiling  the  residue  with  diluted  sulphuric  acid, 
filtering  and  setting  aside ;  the  sulphate  of  berberia  separates 
out,  and  may  be  purified  by  recrystallization  from  hot  water. 
The  alkaloid  itself  is  obtained  by  shaking  hydrate  of  lead  with  a 
hot  aqueous  solution  of  the  sulphate  of  berberia  (Procter). 

Podophyllum-ioot  {Podophylli  Eadix,  B.  P.)  contains  berberia. 
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In  preparing  the  resin  of  podophyllum,  or  May-apple  (PodophylU 
Mesina,  B.  P.),  an  alcoholic  extract  of  the  root  is  poured  into 
water  acidulated  by  hydrochloric  acid,  whereby  the  whole  of  the 
hydrochlorate  of  berberia,  which  is  almost  insoluble  in  dilute 
mineral  acids,  is  precipitated  with  the  resin  (Maisch).  "Water 
extracts  the  hydrochlorate  of  berberia  from  the  resin.  The  resin 
is  the  chief  active  principle  of  podophyllum-root. 

Capsicia,  or  Capsicine,  is  an  alkaloid  occurring  in  Cayenne 
pepper  or  Capsicum -fruit  {Cajpsici  Fructus,  B.  P.),  associated  with 
resin  and  volatile  oil.  It  is  crystalline,  and  forms  cry staUiz able 
salts  with  acids. 

M.  Pelletar  obtained  from  capsicum-fruits  a  volatile  alkaloid 
having  the  smell  of  conia. 

CoLCHiciA,  or  Colchicine,  the  active  principle  of  Cohliicum 
autumnale  (Colchici  Cormus ;  Colchici  Semina,  B.  P.),  is  said  to 
be  an  alkaloid,  though  some  investigators  think  it  has  more  of 
the  characters  of  a  neutral  substance  and  give  it  the  name 
ColcMcin,    It  needs  further  examination. 

Conia,  Conylia,  Conine,  Conicine,  or  Cicutine. — Formula 
CgH^.N",  or  (CgB:^J"II]Sr.  This  alkaloid  is  a  volatile  liquid, 
occurring  in  hemlock  ( Conium  maculatum)  in  combination  with 
an  acid  (malic  ?).    It  is  not  official. 

Process. — It  may  be  obtained  by  distilling  hemlock-fruit  (Conii 
Fructus,  B.  P.)  with  water  rendered  slightly  alkaline  by  caustic 
soda  or  potash,  or  by  similarly  treating  the  fresh  juice  of  the 
leaves.  The  alkaloid  is  a  yellow  oily  liquid,  floating  on  the 
water  that  distils  over ;  by  redistillation  it  is  obtained  colourless 
and  transparent. 

The  salts  of  conia  have  no  odour,  but  when  moistened  with 
solution  of  an  alkali  yield  the  alkaloid,  the  strong  smell  of  which, 
at  once  recalling  hemlock,  is  characteristic.  Extract  of  hemlock- 
leaves  (Conii  Folia,  B.  P.),  to  which  solution  of  potash  and  boiling 
water  have  been  added,  forms  the  official  Inhalation  of  Conia 
(Vapor  Conioe,  B.  P.). 

Tests. — Sulphuric  acid  turns  conia  purplish  red,  changing  to 
olive -green,  nitric  acid  a  blood-red ;  perchloride  of  gold  produces 
a  yellowish-white  precipitate,  perchloride  of  platinum  no  preci- 
pitate, in  aqueous  solutions. 

Hemlock  also  contains  methyl-conia  (CJl^J'CK^'N  (Kekule  and 
Yon  Planta)  and  conJiyclrine,  JTCgH^^H^IIO. 

According  to  SchitF,  conia,  isomeric,  at  least,  with  the  natural 
alkaloid,  may  be  produced  artificially  by  action  of  ammonia  on  bu- 
tyric aldehyd  and  destructive  distillation  of  the  resulting  compound. 


DELPHIA;  EMETIA;  HYOSCYAMIA^  ETC. 
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Datukia,  or  Eatukine,  vide  Ateopia. 

Delphia,  Delphine,  or  Delphinine  (C^^Hg-NO^),  the  poi- 
sonous alkaloid  of  Stavesacre  {Delphinmm  stapliysagria).  The 
powdered  seeds  of  the  plant  are  employed  to  kill  the  joecUculi  of 
animals. 

Emetia,  or  Emetii^e  (CgoH^^lSr^O^). — This  alkaloid  is  the  active 
emetic  principle  of  CepJialis  ipecacuanha  {Ipecacuanha^  B.  P.). 
It  occurs  in  combination  with  ipecacuanhic  acid.  The  nitrate  is 
peculiarly  slightly  soluble  in  water  (Lefort).  In  the  Pulvis  Ipe- 
cacuanhce  Compositus,  B.  P.  and  U.  S.  P.,  or  Dover's  Powder" 
(Powdered  Ipecacuanha,  1  part ;  Powdered  Opium,  1  part ;  and 
Sulphate  of  Potassium,  8  parts),  minute  division  of  the  active 
ingredients  is  promoted  by  prolonged  trituration  v/ith  sulphate  of 
potassium,  which  is  a  very  hard  salt. 

The  Indian  substitute  of  Ipecacuanha  is  the  dried  leaf 
(Tylophorce  Folia,  P.  I.)  of  Tylophora  asthmatica.  Its  active 
principle  has  not  been  satisfactorily  isolated. 

Hyoscyamia,  or  Hyoscyamine  (Cj^H^y^T^Og ;  other  authors, 
Cjgll^gNOg),  a  volatile  alkaloid,  is  said  to  occur  in  the  leaves 
(Hyoscyami  Folia,  B.  P.)  and  other  parts  of  Henbane.  Its  effect 
on  the  eye  is  similar  to  that  of  atropia. 

Jeevia,  or  Jervij^^e  (Cg^H^gN^^a)?  occurs  in  Yeratrum  album, 
"White  Hellebore,  and  V.  American  White  Hellebore,  the 

root  of  which  is  officially  recognized  in  Great  Britain  ( Veratri 
viriclis  Radix ^  B.  P.).  Its  salts  are  much  less  soluble  in  water 
than  those  of  veratria.  According  to  Bullock,  Veratrum  viride 
contains  still  another  alkaloid — veratroidia ;  and,  according  to 
Mitchell,  Veratrum  album  contains  one  which  he  terms  veratratbia, 

LoBELTNA,  or  LoBELiNE. — A  Volatile  alkaloid  first  isolated  from 
the  dried  flowering  herb  Lobelia  inflata  {Lobelia,  B.  P.)  by  Bastick. 
In  the  pure  state  it  smells  slightly  of  the  plant,  but  mixed  with 
ammonia  it  emits  a  strong  and  characteristic  smell  of  the  herb. 
With  acids  it  forms  crystalline  salts. 

LupuLmE  is  stated  by  Greismayer  to  be  a  liquid  volatile  alka- 
loid contained  in  Hops  {Humulus  lupulus). 

JSTectan'deia,  vide  Bebeeia. 

ISTicoTiA,  ^^"icoTiKA,  Nicotylia,  or  I^icoTiNE. — Pormula  C^oH^^lSr^, 
or  (C-H^)"'^^^^'  T^i^  ^^^^  ^  volatile  liquid  alkaloid,  forming 
the  active  principle  of  tobacco  {Nicotiana  tabacum),  malate  and 
citrate  of  nicotina  being  the  forms  in  which  it  occurs  in  the  leaf 

*  "  The  name  Green  Hellehore  is  sometimes  applied  to  the  drag ;  but  it 
properly  belongs  to  Helleborus  vifidis  [p,  470],  which  is  medicinal  in  some 
parts  of  Europe." — Hanhury. 
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(Tahaci  Folia ^  B.  P.).  Its  odour  is  characteristic  ;  like  conia,  it 
yields  a  precipitate  with  perchloride  of  gold ;  but,  unlike  that 
alkaloid,  its  aqueous  solutions  are  precipitated  yellowish  white 
by  perchloride  of  platinum.    It  is  not  official. 

Physostiomia,  or  Physostigmii^e  (Cg^H^^l^gO^). — An  alkaloid 
contained  in  the  Calabar  Bean  (^Pliysostigmatis  Faba),  the  seed 
of  Physostigma  venenesum  (Jobst  and  Hesse).  A  trace  of  it 
powerfully  contracts  the  pupil  of  the  eye  ;  a  small  quantity  is 
highly  poisonous.  Praser  also  isolated  another  (but,  possibly,  the 
same)  principle,  and  termed  it  Eseria,  from  Esere,  the  name  of 
this  ordeal-poison  at  Calabar, 

PiLOCAEPiNE  is,  apparently,  the  active  principle  of  the  new 
diaphoretic  and  sialogogue  Jahorandi  {Filocarpiis  pennatifoliiis). 
A  crystaUine  nitrate  and  hydrochlorate  have  been  obtained  by 
Gerrard.  Byasson  had  previously  isolated  what  was  probably  a 
crude  form  of  the  same  alkaloid,  but  failed  to  obtain  crystals. 

PiPEEiA,  or  PiPEEiNE  (C^^H^gNOg),  is  a  feeble  alkaloid  occur- 
ring in  ivhite,  black  (^Piper  Nigrum,  B.  P.),  long,  and  cubeb  pepper 
(Cuheba,  B.  P.)  associated  with  volatile  oil  and  resin ;  to  these 
three  substances  the  odour,  flavour,  and  acridity  belong.  Piperia 
is  obtained  on  boiling  white  pepper  with  alcohol,  and  evaporating 
the  liquid  with  solution  of  potash,  which  retains  resin.  Eecrys- 
tallized  from  alcohol,  piperia  forms  colourless  prisms  fusible  at 
212°  F.  With  acids  and  certain  metallic  compounds  it  forms  salts, 
and  distilled  with  strong  alkali  yields  pijyeridia  or  piperidine,  an 
alkaloid  of  strong  chemical  properties,  emd  pip  eric  acid  (C^^H^^OJ. 
The  piperine  of  cubeb  pepper  is  not  to  be  confounded  with  cubebin, 
a  neutral  constituent  having  the  formula  C^^JL^fi^^. 

SoLAMA,  or  SoLAi^iNE  (C^gllgglS'O^g). — An  alkaloid  said  to  exist 
in  the  Woody  Mghtshade  or  Bitter-sweet  (Solanum  didcamara). 
The  dried  young  branches  of  the  plant  are  official  {Dulcamara, 
B.  P.).  This  alkaloid  is  only  slightly  soluble  in  water,  alcohol, 
or  ether ;  nitric  acid  colours  it  yellow  ;  sulphuric  acid  produces 
at  first  a  yellow,  then  a  violet,  and  finally  a  brown  coloration. 
It  is  said  to  be  a  conjugated  compound  of  sugar  with  solanidine 
(C,,H3,N0). 

Sparteia,  or  Spaeteine  (C^.H^e^^),  is  a  poisonous  volatile  alka- 
loid occurring  in  Broom-tops  (Scoparii  Cacumiva,  B.  P.).  Its 
discoverer,  Stenhouse,  considers  that  the  diuretic  principle  of 
broom  is  Scoparin,  a  non-poisonous  body.  Mills  has  obtained  ethyl- 
sparteine(C^.H,,C,H.I^)  and  diethyl-sparteine  (C^^H^^C^H.C^H^IN'). 

Theia,Theii^e,  or  Cafeeine  (C.H^o^^^^+SgO).— This  alkaloid 
occurs  in  tea,  coffee,  Paraguay  tea,  guarana,  and  the  kola-nut. 


THEIA^  VERATRIA. 
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Infusions  and  preparations  of  these  vegetable  products  are  used 
chiefly  as  beverages  by  three  fourths  of  the  human  race.  It  is 
remarkable  that  the  instinct  of  man,  even  in  his  savage  state, 
should  have  led  him  to  select,  as  the  bases  of  common  beverages, 
just  the  four  or  five  plants  which  out  of  many  thousands  are  the 
only  ones,  so  far  as  we  know,  containing  theia. 

Theia  is  volatile.  Considerable  quantities  may  be  collected  by 
condensing  the  vapours  evolved  during  the  roasting  of  coffee  on 
the  large  scale.  The  infusion  of  tea,  from  which  astringent  and 
colouring-matters  have  been  precipitated  by  solution  of  subacetate 
of  lead,  and  which  has  been  evaporated  to  a  small  bulk,  yields  a 
preciijitate  of  theine  on  the  addition  of  a  strong  solution  of  car- 
bonate of  potassium.  It  may  be  crystallized  from  alcohol  or  by 
sublimation. 

Test. — Concentrated  nitric  acid,  or  a  mixture  of  chlorate  of 
potassium  and  hydrochloric  acid,  rapidly  oxidizes  theia,  forming 
compounds  which  with  ammonia  yield  a  beautiful  purple-red 
colour,  resembling  the  murexid  obtained  under  similar  circum- 
stances from  uric  acid ;  the  oxidation  must  not  be  carried  too  far. 
Theine  boiled  with  caustic  potash  yields  methjdamine  (CHgHHN), 
the  vapour  of  which  has  a  peculiar,  characteristic  odour. 

The  chemical  action  of  theia  on  the  system  is  not  yet  made  out. 
Liebig  thought  it  might  aid  in  the  production  of  a  substance  a  nor- 
mal amount  of  which  is  so  necessary,  an  abnormal  so  unpleasant — 
namely,  bile.  Most  chemists  agree  that  it  arrests  the  rapid  con- 
sumption of  tissue  and  consequent  feeling  of  fatigue  which  is 
especially  experienced  after  hard  work  with  mind  or  body. 

Yerateia,  or  Yerateii^e  {Q^^^^Jd^^). — This  alkaloid  occurs 
in  Cevadilla  (Sahadilla,  B.  P. ;  the  seeds  of  Asagrma  officinalis, 
Lindley,  termed  Sahadilla  officinarum  by  Brandt,  and  Veratrum 
officinale  by  Schlecht).  According  to  Weigelin,  Cevadilla  contains 
two  isomeric  varieties  of  veratria,  the  one  soluble,  the  other  in- 
soluble in  water.  There  are  also  present  Sahadilline  (C^^HggN^O^g) 
and  Sahatrine  (G^^-^H^^'Nfi^^).  The  veratrine  of  trade  contains  the 
two  latter  alkaloids  (Weigelin).  A  mere  trace  of  veratria  brought 
into  contact  with  the  mucous  membrane  of  the  nose  causes 
violent  fits  of  sneezing. 

The  official  process  for  the  preparation  of  the  alkaloid  (Vera-- 
tria,  B.  P.)  consists  in  exhausting  the  disintegrated  cevadilla- 
seeds  by  alcohol,  recovering  most  of  the  spirit  by  distillation, 
pouring  the  residue  into  water,  by  which  much  resin  is  precipi- 
tated, filtering,  and  precipitating  the  veratria  from  the  aqueous 
solution  by  ammonia.    It  is  purified  by  washing  with  water^ 
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solution  in  dilute  hydrochloric  acid,  decolorization  of  the  liquid 
by  animal  charcoal,  reprecipitation  by  ammoniaj  washing  and 
drying. 

Ungiientum  VeratricE,  E.  P.,  contains  eight  grains  of  the  slightly 
impure  alkaloid  obtained  as  just  described,  rubbed  down  with 
half  a  drachm  of  olive-oil  and  diffused  through  one  ounce  of  pre- 
pared lard. 


QUESTIOJ^S  M{J)  EXERCISES. 

692.  How  is  Aconitia  prepared  ? 

693.  Give  the  strengths  of  the  official  preparations  of  Atropia. 

694.  Describe  the  properties  of  atropia. 

695.  What  is  the  active  principle  of  stramonium  ? 

696.  Mention  pharmacopoeial  substances  containing  beberia 
and  berberia  respectively. 

697.  Give  the  characters  of  beberia. 

698.  In  what  does  nectandria  differ  from  beberia  ? 

699.  Mention  the  characteristics  of  conia. 

700.  What  is  the  active  principle  of  Ipecacuanha  ? 

701.  I^ame  the  alkaloid  of  Tobacco. 

702.  Give  the  properties  of  the  alkaloid  of  Calabar  Bean. 

703.  What  are  the  sources  of  Piperia  ? 

704.  Whence  is  theia  obtained  ? 

705.  Describe  the  preparation  of  Yeratria. 

706.  State  the  properties  of  veratria. 


BITTEH  OE  TOMC  SUBSTAJSTCES. 

The  following  official  articles,  commonly  employed  medicinally 
in  such  forms  as  Decoction,  Extract,  Infusion,  Tincture,  contain 
active  principles  which  have  not  yet  been  thoroughly  examined. 
Some  of  these  principles  have  been  isolated,  and  a  few  have  been 
obtained  in  the  crystalline  condition  ;  but  their  constitution  has 
not  been  sufficiently  well  made  out  to  admit  of  the  classification 
of  the  bodies  either  among  alkaloids,  glucosides,  acids,  or  other 
well-marked  principles. 

Alstonice  Cortecc,  P.  I.,  from  At-        P.  I.,  from  Andrographis 

stonia  scholar  is  (Ditai'n).  panimlata,  Kariyat. 

Andrographis  Caules  et  Madia?,     Anthemidis  fiores. 
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Aurantii  cortex  (Hespericlin). 
AzadirachtceCortexetFolia^T.l., 

from  Azadirachta  indica,  JSTim 

or  Margosa. 
Bonducellce  semina,  P.  I.,  from 

Cmalpinia(Guilandina)  hon- 

ducella,   Bondiic   seeds  or 

Mcker  nuts. 
Bachu  folia. 

Caloiro^is  Cortex^  P.  I.,  from 
Calotroj)is  procem  and  C.  gi- 
gantea,  Mudar. 

Canellce  alba?  cortex. 

Cascarillw  cortex  (Cascarillin, 

Cusj)arice  cortex  (Cusparin). 
GulancJia  {Tinosporce  radix  et 
caules,  P.  I.). 


GynocardicB  semina,  from  Gyno- 
cardia  odorata{  Chaidmugra), 
P.  I. 

Hydrocotyles  folia,  P.  I.,  from 
Hydrocotyle  asiatica,  Indian 
pennywort. 

Lactuca  (Lactucin). 

Lupulus. 

Maticce  folia. 

Quassice     lignum  (Qiiassin^ 

Serpentarice  radix. 

Soymidce  Cortex,  P.  I.,  Eohun- 

bark,  from  Soymida  fehri- 

fiiga.  ^ 

Taraxaci  radix  (Taraxacin), 
Toddalice  radix,  P.  I. 


AMYLACEOUS  AND  SACCHARINE  SUBSTANCES, 
STAHCH. 
Eormula  C,H,^0,. 
Processes. — Easp  or  grate,  or,  with  a  knife,  scrape  a  portion  of 
a  clean  raw  potato,  letting  the  pulp  fall  on  to  a  piece  of  muslin 
placed  over  a  small  dish  or  test-glass,  and  then  pour  a  slow  stream 
of  water  over  the  pulp ;  minute  particles  or  granules  of  starch 
pass  through  the  muslin  and  sink  to  the  bottom  of  the  vessel, 
fibrous  matter  remaining  on  the  sieve.  This  is  potato -starch. 
Even  diseased  potatoes  furnish  good  starch  by  this  method. 
Wheat-starch  (Amylum,  B.  P.)  may  be  obtained  by  tying  up  some 
flour  in  a  piece  of  calico  and  kneading  the  bag  in  a  slow  stream 
of  water  flowing  from  a  tap,  the  washings  running  into  a  deep 
vessel,  at  the  bottom  of  which  the  white  starch  collects  :  the 
sticky  matter  remaining  in  the  bag  is  gluten.  The  blue  starch  of 
the  shops  is  artificially  coloured  with  smalt  or  indigo,  to  neutralize 
the  yellow  tint  of  recently  washed  linen ;  it  should  not  be  used 
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for  medicinal  purposes.  Starch  dried  in  mass  splits  up  into  curi- 
ous columnar  masses,  resembling  the  basaltic  pillars  of  Pingal's 
Cave  in  StafFa,  or  those  of  the  Giant's  Causeway  in  the  IsTorth 
of  Ireland.  The  cause  of  the  phenomenon,  which  may  also  be 
seen  in  grain-tin,  is  not  conclusively  known. 

Gluten  is  the  body  which  gives  tenacity  to  dough  and  bread. 
It  seems  to  be  a  mixture  of  vegetable  fibrin,  vegetable  casein, 
and  an  albuminous  matter  termed  glutin.  These  substances  and 
gluten  itself  are  closely  allied;  each  contains  about  16  per  cent, 
of  nitrogen.  Wheaten  Flour  {Farina  Tritici,  B.  P.)  contains  about 
72  per  cent,  of  starch  and  11  of  gluten,  as  well  as  sugar,  gum, 
fine  bran,  water,  and  ash.  The  compactness  of  barley,  well  seen 
in  Husked  or  Pearl  Barley  (Hordeum  Becorticatum,  B.  P.),  is  said 
to  be  due  to  the  large  amount  of  vegetable  fibrin  present.  During 
germination  the  fibrin  is  destroyed ;  hence,  probably,  the  cretace- 
ous character  of  malt.  Oatmeal  (Avenoi  Farina,  U.  S.  P.)  is  very 
rich  in  albumenoid  or  fiesh-forming  constituents,  containing  nearly 
16  per  cent.  JSago  is  granulated  starch  from  the  Sago  Palm. 
Tapioca  is  granulated  starch  from  the  Bitter  Cassava.  The 
white  translucent  grains  known  as  Eice  are  the  husked  seeds  of 
Oryza  sativa.  Eice  (Oryza)  and  the  Elour  of  Eice,  or  Ground 
Eice  (Oryzoe  Farina),  are  official  in  the  Pharmacopoeia  of  India. 
Eice  is  quite  a  staple  article  of  food  in  tropical  countries. 
Ground  rice  resembles  fiour  of  wheat  in  composition,  but  contains 
from  85  to  90  per  cent,  of  starch. 

Mucilage  of  Starch. — Mix  two  or  three  grains  of  starch  with 
first  a  little  and  then  more  water,  and  heat  to  the  boiling-point ; 
mucilage  of  starch  (Mucilago  Amyli,  B.  P.)  results. 

This  mucilage  or  paste  is  not  a  true  solution ;  by  long  boiling, 
however,  a  portion  of  the  starch  becomes  dissolved.  In  the  latter 
case  the  starch  probably  becomes  somewhat  altered. 

Chemical  Test. — To  some  of  the  mucilage  add  a  little  free 
iodine  ;  a  deep  blue  colour  is  produced. 

This  reaction  is  a  very  delicate  test  of  the  presence  of  either 
iodine  or  starch.  The  starch  must  be  in  the  state  of  mucilage  ; 
hence  in  testing  for  starch  the  substance  supposed  to  contain 
it  must  be  first  boiled  with  water.    The  solutions  used  in  the 
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reaction  should  also  be  cold,  or  nearly  so,  as  the  blue  colour 
disappears  on  heating,  though  it  is  partially  restored  on  cooliug. 
The  iodine  reagent  may  be  iodine-water  or  tincture  of  iodine.  In 
testing  for  iodine  its  occurrence  in  the  free  state  must  be  insured 
by  the  addition  of  a  drop,  or  even  less,  of  chlorine-water.  Excess 
of  chlorine  must  be  avoided,  or  chloride  of  iodine  will  be  formed, 
which  does  not  colour  starch. 

The  so-called  iodide  of  starch  scarcely  merits  the  name  of  a 
chemical  compound,  the  state  of  union  of  its  constituents  being 
feeble.  Substances  that  attack  free  iodine  remove  that  element 
from  iodide  of  starch.  The  alkalies,  hydrosulphuric  acid,  sul- 
phurous acid,  and  other  reducing  agents  destroy  the  blue  colour. 

Microscopical  Examination  of  Starches. 

All  kinds  of  starch  afford  the  blue  colour  with  iodine,  showing 
their  chemical  similarity.  Physically,  however,  the  granules  of 
different  starches  differ  from  each  other ;  hence  a  careful  micro- 
scopical examination  of  any  starch,  or  of  any  powder  or  vegetable 
tissue  containing  starch,  enables  the  observer  to  state,  with  a 
high  degree  of  probability,  the  source  of  the  starch,  either  at  once 
if  he  has  much  experience,  or  after  comparing  the  granules  in 
question  with  authentic  specimens.  A  glance  at  the  accom- 
panying eight  engravings*  (figs.  41  to  48)  of  common  starches 
will  show  to  what  extent  different  starch-granules  naturally 
differ  in  size,  shape,  general  appearance,  distinctness  and  cha- 
racter of  the  rugse,  and  position  of  the  more  or  less  central  point 
or  hilum.  While  from  different  starches  individual  granules  may 
be  picked  out  which  much  resemble  each  other,  the  appearance  of 
each  starch  as  a  whole  is  fairly  characteristic ;  that  is  to  say, 
each  group  of  granules  differs  in  one,  two,  or  several  characters 
from  similar  groups  of  granules  of  other  starches. 

A  quarter-inch  object-glass  will  commonly  suffice  for  the 
microscopical  examination  of  starch,  A  very  little  of  the  starch 
is  mixed  on  a  glass  slide  with  a  drop  of  water,  a  piece  of  thin 
covering-glass  placed  on  the  drop  and  gently  pressed,  so  as  to 
provide  a  very  thin  layer  for  observation.  Instead  of  water, 
diluted  spirit  of  wine,  diluted  glycerine,  turpentine,  and  other 
fluids  may  be  used  in  cases  where  the  markings  or  other  appear- 
ances are  not  well  defined.  The  illumination  also  of  the  granules 
may  be  varied,  the  light  being  reflected  or  transmitted,  concen- 

*  By  permission  of  Messrs.  Longmans  &  Co.,  these  engravings  have  been 
copied,  with  very  few  modifications,  from  the  plates  in  two  of  the  three 
volumes  of  the  original  edition  of  Pereira's  '  Materia  Medica.' 
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trated  or  diffused,  white  or  coloured,  polarized  or  plain.  Polarized 
light  is  especially  valuable  in  developing  differences,  and  in 
intensifying  the  effects  of  obscure  markings.  Ey  polarized  light 
the  granules  of  potato-starch  appear  as  if  traversed  by  a  black 
cross ;  wheat-starch  granules  and  many  others  also  peculiarly 
and  characteristically  influence  polarized  light.  Distinctive  cha- 
racters will  sometimes  present  themselves  only  when  the  granules 
are  made  to  roll  over  in  the  fluid  in  which  they  have  been 
temporarily  mounted,  or  when  the  slide  is  gently  warmed. 
Starches  which  have  already  been  subjected  to  the  influence  of 
heat,  partly,  as  in  sago  or  tapioca,  or  almost  entirely,  as  in  bread, 
will  of  course  differ  in  appearance  from  granules  of  the  same 
starch  before  being  dried,  cooked,  or  torrefied.  The  characters  of 
a  starch  will  also  somewhat  vary  according  to  the  age  and  con- 
dition of  the  plant  yielding  it. 

For  plates  and  descriptions  of  the  characters  of  other  starches 
occurring  in  plants  used  for  medicinal  purposes,  the  reader  is 
referred  to  works  on  Materia  Medica,  and  to  the  indexes  of 
Journals  of  Pharmacy,  as  well  as  to  general  works  and  magazines 
on  microscopy.  For  engravings  of  starch-granules  in  situ,  vide 
Berg's  '  Anatomischer  Atlas,'  published  by  Gaertner,  Eerlin. 

The  student  may  place  fair  confidence  in  the  accompanying 
lithographs,  and  in  most  of  the  published  engravings  of  starch- 
granules  ;  but  in  microscopical  analyses  of  importance  the  worker 
should,  if  possible,  himself  obtain  actual  specimens  of  starches  for 
comparison  from  the  respective  seeds,  fruits,  and  other  tissues. 

Inulin  (CgHjQO.)  is  a  white  powder  apparently  occupying  the 
place  of  starch  in  the  roots  of  many  plants,  especially  those  of  the 
natural  order  Compositce.  Twenty  to  forty-five  per  cent,  has 
been  obtained  from  elecampane  {Inula  Jielenium).  It  is  also 
contained  in  the  dahlia,  colchicum,  arnica,  dandelion,  chicory,  &c. 
It  is  soluble  in  boiling  water,  nearly  all  being  redeposited  on 
cooling.  Iodine  turns  it  yellow.  Long  ebullition  converts  it 
into  a  kind  of  gum. 

Lichenin  (CgH^QO-)  is  a  white  starch-like  powder  largely  con- 
tained in  many  lichens — Iceland  Moss,"  Cetmria  islandica,  and 
many  others.  It  is  soluble  in  boiling  water,  and  the  fluid 
gelatinizes  on  cooling.  It  may  be  precipitated  from  its  aqueous 
solution  by  alcohol.    With  iodine  it  gives  a  reddish-blue  colour. 

Dextein. — Mix  a  grain  or  two  of  starch  with  about  half  a  test- 
tubeful  of  cold  water  and  a  drop  or  two  of  sulphuric  acid,  and 
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boil  the  mixture  for  a  few  minutes ;  no  mucilage  is  formed,  and 
the  liquid,  if  sufficiently  boiled,  yields  no  blue  colour  with  iodine  ; 
the  starch  has  become  converted  into  dextrin.  The  same  effect  is 
produced  if  the  starch  is  maintained  at  a  temperature  of  about 
320°  E.  for  a  short  time.  Dextrin  is  now  largely  manufactured 
in  this  way,  and  a  paste  of  it  used  by  calico-printers  as  a  vehicle 
for  colours  ;  it  is  termed  British  gum.  The  change  may  also  be 
effected  by  diastase,  a  peculiar  ferment  existing  in  malt.  Mix 
two  equal  quantities  of  starch  with  equal  amounts  of  water, 
adding  to  one  a  little  ground  malt,  then  heat  both  slowly  to  the 
boiling-point :  the  mixture  without  malt  thickens  to  a  paste  or 
pudding ;  that  with  malt  remains  thin,  its  starch  having  become 
converted  into  dextrin. 

Diastase  is  probably  the  vegetable  fibrin  of  gluten  in  a  state  of 
decomposition ;  it  is  so  named  from  Eiaaraais  (diastasis),  sejyara- 
tion,  in  allusion  to  the  separation,  or  rather  alteration,  it  effects 
among  the  constituent  atoms  of  starch. 

Malt  (the  word  malt  is  said  to  be  derived  from  the  Welsh  mall, 
soft  or  "rotten'')  is  simply  barley  which  has  been  softened  by 
steeping  in  water,  allowed  to  germinate  slightly,  and  further 
change  then  arrested  by  the  application  of  heat  in  a  kiln.  During 
germination  the  gluten  breaks  up  and  yields  a  glutinous  substance 
termed  vegetable  gelatine,  diastase,  and  other  matters.  To  the 
vegetable  gelatine  is  due  much  of  the  "  body  "  of  well  malted  and 
slightly  hopped,  beer :  it  is  precipitated  by  tannic  acid  ;  hence  the 
thinness  of  ale  (pale  or  bitter)  brewed  with  a  large  proportion  of 
hop  or  other  materials  containing  tannic  acid.  A  portion  of  the 
diastase  reacting  on  the  starch  of  the  barley  converts  it  into  dex- 
trin, and,  indeed,  carries  conversion  to  the  further  stage  of  grape- 
sugar,  as  will  be  explained  immediately.  The  temperature  to 
which  the  malt  is  heated  is  made  to  vary,  so  that  the  sugar  of  the 
malt  may  or  may  not  be  partially  altered  to  a  dark-brown  colouring 
material :  if  the  temperature  is  high,  the  malt  is  said  to  be  Tiigh^ 
dried ^  and  is  used  in  porter-brewing ;  if  low,  the  product  is  of  lighter 
colour,  and  is  used  for  ale.  The  diastase  remaining  in  malt  is 
still  capable  of  converting  a  large  quantity  of  starch  into  dextrin 
and  sugar ;  hence  the  makers  or  distillers  of  the  various  spirits 
operate  on  a  mixture  of  malted  and  unmalted  grain  in  preparing 
liquors  for  fermentation. 


454         AMYLACEOUS  AND  SACCHARINE  StJBSTANCES. 

Gum  is  a  frequent  constituent  of  vegetable  juices,  existing  in 
large  quantity  in  several  species  of  Acacia.  According  to  Fremy 
gum  is  a  calcium  salt,  sometimes  partially  a  potassium  salt,  of  the 
gummic  or  arahic  radical.  The  formula  of  gummic  acid  is  said  to 
be  HgC^^^^gO^Q,  H^O.  Gum  differs  from  dextrin  in  yielding  oxalic 
acid,  but  no  mucic  acid  when  oxidized  by  nitric  acid.  Cerasin  or 
cherry-tree  gum  is  a  metagummate  of  calcium,  an  insoluble  modi- 
fication of  acacia  gum.  Bassorin,  tragantJiin,  or  adragantJiin 
(C^2-^2o^io)  ^  form  of  gum  which  is  insoluble  in  water,  but 
absorbs  large  quantities  of  that  liquid  and  forms  a  gelatinoid 
mass  :  it  occurs  largely  in  Tragacanth,  combined,  like  arabin, 
with  calcium.  Pectin,  or  Vegetable  Jelly  (Cg^H^oO^,,  ^'Rfi),  is 
the  body  which  gives  to  expressed  vegetable  juices  the  property 
of  gelatinizing  :  it  forms  the  chief  portion  of  Irish  or  Carrageen 
Moss  "  (Chondrus  crispus).  Ceylon  Moss  "  (^Gracillaria  lichen^ 
aides  and  G.  confervoides,  P.  I.)  contains  from  one  third  to  three 
fourths  of  vegetable  jelly. 

The  mucilage  of  marsh-mallow  root  (Althea  officinalis)  and  of 
linseed  or  common  flax-seed  (Linum  usitatissimum)  is  a  gum-like 
substance  containing  much  mineral  matter.  It  is  the  basis  of 
the  infusions  termed  mallow -tea  and  linseed-tea.  Somewhat 
similar  mucilage  occurs  in  infusion  of  Bael :  it  is  also  largely 
yielded  by  the  seeds  of  the  Quince  (Oydonia  vulgaris),  and  by 
ordinary  Elm-bark  (Ulmi  Cortex,  B.  P.),  as  well  as  by  the  bark 
of  the  Eed  or  Slippery  Elm  {Cortex  Ulmi  FuIvcb).  Salejp,  the 
powdered  dried  tubers  of  many  species  of  Orchis,  contains  a  large 
quantity  of  such  matter.  Squill  also.  The  Indian  Okra  {Hihisci 
Capsulce,  P.  I.,  from  Hibiscus  esculentus)  and  IspagTiul  or  Spogel 
seeds  (IspaghidcB  semina,  P.  I.,  from  Plantago  ispaghula)  also 
appear  to  contain  a  considerable  quantity. 

Isomerism,    AUotropy.  PolymorpJiism, 

The  composition  of  dextrin  is  represented  by  the  same  formula 
as  that  of  starch,  namely  CgH^QO, ;  for  it  has  the  same  per- 
centage composition  as  starch.  Inulin  (p.  452)  and  cellulose 
(p.  456)  have  also  a  similar  formula.  There  are  many  other  bodies 
similar  in  centesimal  composition,  but  dissimilar  in  properties ; 
such  substances  are  termed  isomeric  (from  'icros,  isos,  equal,  and 
fxepos,  meros,  part) ;  and  their  condition  is  spoken  of  as  one  of 
isomerism.  There  is  sometimes  good  reason  for  doubling  or 
otherwise  multiplying  the  formula  of  one  of  two  isomeric  bodies. 
Thus  olefiant  gas  (ethylene),  the  chief  illuminating  constituent  of 
coal-gas,  is  represented  by  the  formula  C^H^,  while  amylene,  an 


ISOMERISM^  ALLOTROPY^  POLYMORPHISM.  455 

angesthetic  liquid  hydrocarbon,  obtained  from  amylic  alcohol, 
though  having  the  same  percentage  composition  as  oleliant  gas,  is 
represented  by  the  formula  C-IL^^ ;  for  the  latter,  when  gaseous, 
is  about  twice  and  a  half  as  heavy  as  the  former,  and  must 
contain,  therefore,  in  equal  volumes,  twice  and  a  half  as  many 
atoms ;  its  formula  is,  consequently,  constructed  to  represent  those 
proportions.  (Eead  again  pages  28  to  54.)  This  variety  of  iso- 
merism is  teimed  ^olymerism  (from  ttoXvs,  polus,  many  or  much, 
and  juiepos,  part).  Metastannic  acid  (vide  p.  268)  is  a  polymeric 
variety  of  stannic  acid.  An  illustration  of  a  second  variety  of 
isomerism  is  seen  in  the  case  of  cyanate  of  ammonium  and  urea, 
bodies  already  alluded  to  in  connexion  with  cyanic  acid.  These 
and  several  other  pairs  of  chemical  substances  have  dissimilar 
properties,  yet  are  similar  not  only  in  elementary  composition 
and  in  the  centesimal  proportion  of  the  elements,  but  also  in  the 
fact  that  each  molecule  possesses  the  same  number  of  atoms. 
But  the  reactions  of  these  bodies  indicate  the  probable  nature  of 
their  construction ;  and  this  is  shown  in  their  formulae  by  the 
disposition  of  the  symbols.  Thus  cyanate  of  ammonium  is  repre- 
sented by  the  formula  NH^C^^'O,  urea  by  CH^T^^^-  Such  bodies 
are  termed  metameric  (from  fierd,  meta,  a  preposition  denoting 
change,  and  fiepos)^  and  their  condition  spoken  of  as  one  of 
metamerism.  Acetate  of  ethyl  (p.  334)  is  meta^meric  with  butyric 
acid  (p.  405),  for  they  have  the  same  percentage  composition  and 
their  vapours  have  the  same  specific  gravity,  and  each  therefore 
might  be  represented  by  the  formula  C^H^O^ ;  but  their  pro- 
perties warrant  us  in  assuming  that  their  atoms  occupy  different 
positions  in  the  two  molecules — justify  us  in  giving  CgH.C^IIgO^ 
as  a  picture  of  a  molecule  of  acetate  of  ethyl,  and  HC^H^O^  as  a 
picture  of  a  molecule  of  butyric  acid.  Acetate  of  methyl 
(CHgC^HgOg),  propionic  acid  (HCgHgO^),  and  formate  of  ethyl 
(C^HgCHO^)  are  isomers ;  also  quinine  and  quinidine,  cinch onine 
and  cinchonidine,  and  many  of  the  volatile  oils,  etc.  The  isomerism 
of  starch  and  dextrin  may  be  of  a  polymeric  or  of  a  metameric 
character ;  but  we  do  not  yet  know  w^hich,  and  must  therefore  at 
present  give  them  identical  formulse.  Substances  similar  in 
composition  and  constitution,  yet  differing  in  properties,  are 
termed  allotropic  (aXXos,  alios,  another,  Tpoiros,  tropos^  condition). 
Thus  ordinary  phosphorus,  kept  at  a  temperature  of  about  450° 
Fahr.,  in  an  atmosphere  from  which  air  is  excladed,  becomes  red, 
opaque,  insoluble  in  liquids  in  which  ordinary  phosphorus  is 
soluble,  oxidizes  extremely  slowly,  and  only  ignites  when  heated 
to  near  500°  Fahr.  (red  or  amorphous  phosphorus).    A  black 
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allotropic  variety  of  phosphorus  is  known.  Carbon  occurs  in  three 
allotropic  forms,  crystalline,  graphitic,  and  amorphous.  Sulphur 
may  be  obtained  in  the  viscous  as  well  as  in  the  hard  brittle 
condition.  Another  illustration  of  alJotropy  is  seen  in  the  varieties 
of  tartaric  acid,  which  have  different  optical  properties,  but  other- 
wise are  identical ;  they  are  in  neither  of  the  above-mentioned 
states  of  isomerism,  but  are  allotropic  modifications  of  the  same 
substance.  Occasionally  one  and  the  same  substance  crystalhzes 
in  two  distinct  forms ;  its  state  is  then  described  as  one  of  poly- 
morjpliism  (iroXiis,  j)olus,  many,  idopcpi),  morjohe,  form).  Sulphur  is 
polymorphous.  It  crystallizes  by  slow  cooling  in  (1)  prismatic 
crystals  of  sp.  gr.  1-98,  while  in  nature  it  occurs  in  (2)  octahedra 
of  sp.  gr.  2-07.  Melted  and  poured  into  water,  sulphur  takes  up 
the  form  of  (3)  caoutchouc  of  sp.  gr.  1-96.  These  differences 
warrant  the  statement  that  sulphur  occurs  in  three  distinct  allo- 
tropic conditions. 

Cellulin  or  cellulose,  the  woody  fibre  of  plants,  familiar  in  the 
nearly  pure  state,  under  the  forms  of  cotton- wool {Gossypium, 
E.  P.,  hairs  of  the  seed  of  various  species  of  Gossypium 
paper,  linen,  and  pith,  is  another  substance  isomeric,  probably 
polymeric,  with  starch.  Lignin  is  a  closely  allied  body,  lining 
the  interior  of  woody  cells  and  vessels.  Ey  the  action  of  nitric 
acid  of  various  strengths  on  cellulin,  peroxide  of  nitrogen  (]N"0  ) 

is  substituted  for  one,  two,  or  three  atoms  of  hydrogen  mono- 

di-,  or  trinitrocellulin  being  formed  : —  ' 

{no}  0.  + 


aH,„03  +  HNO,  =  a 


Cellulin. 


Nitric  acid. 


Water. 


0.  +  2F  0 


Cellulin. 


Nitric  acid. 


Water. 


Cellulin. 


Nitric  acid. 


0,  +  3H,0 

Water. 


Mononitrocellulin. 

c  i 

Dinitrocellulin. 
Trinitrocellulin. 

Trinitrocellulin  is  highly  explosive  gun-cotton ;  dinitrocellulin  is 
not  sufficiently  explosive  for  use  instead  of  gunpowder;  mono- 
nitrocellulin IS  scarcely  at  all  explosive.  The  three  movable 
atoms  of  hydrogen  m  cellulin  may  be  displaced  by  bodies  other 
than  peroxide  of  nitrogen. 

Dinitrocellulm  {Pyroxylin,  B.  P.)  may  be  prepared  by  the  fol- 
lowing official  process  :— Mix  5  fluid  ounces  of  sulphuric  acid  and 
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5  of  nitric  in  an  earthenware  mortar,  immerse  1  ounce  of  cotton- 
wool in  the  mixture,  and  stir  it  for  three  minutes  with  a  glass 
rod,  so  that  it  is  thoroughly  and  uniformly  wetted  by  the  acids. 
Transfer  the  cotton  to  a  vessel  containing  a  considerable  volume 
of  water,  stir  it  rapidly  and  well  with  a  glass  rod,  decant  the 
liquid,  pour  more  water  upon  the  mass,  agitate  again,  and  repeat 
the  affusion,  agitation,  and  decantation  until  the  washings  cease 
to  give  a  precipitate  with  chloride  of  barium.  Drain  the  product 
on  filtering -paper,  and  dry  in  a  water-bath. 

Pyroxylin  may  also  be  made  by  soaking  7  parts  of  white  filter- 
ing-paper, which  has  been  washed  in  hydrochloric  acid  and  dried, 
in  a  mixture  of  140  parts  of  sulphuric  acid  (sp.  gr.  1-82)  and  70 
of  nitric  acid  (1*37)  for  3  hours,  and  well  washing  the  product 
(Guichard). 

Mononitrocelhdm  and  trinitrocellulin  are  insoluble  in  a  mix 
ture  of  alcohol  and  ether  ;  dinitroceUulin  or  pyroxylin  is  soluble, 
the  solution  forming  ordinary  collodion  (Collodium,  B.  P.).  The 
official  proportions  are  1  oz.  of  pyroxylin  dissolved  in  a  mixture 
of  36  fl.  oz.  of  ether  and  12  of  rectified  spirit.  After  digesting 
for  a  few  days,  the  liquid  is  decanted  from  any  insoluble  matter 
and  preserved  in  a  well- corked  bottle.  It  is  ^'  a  colourless  highly 
inflammable  liquid  with  ethereal  odour,  which  dries  rapidly  upon 
exposure  to  the  air,  and  leaves  a  thin  transparent  film,  insoluble 
in  water  or  rectified  spirit."  Mexible  collodion  ( Collodium  Flexile, 
B.  P.)  is  a  mixture  of  collodion  (6  fi.  oz.),  Canada  Balsam  (120 
grains),  and  castor- oil  (1  fluid  drachm). 


aUESTIOI^S  Aj^^D  exeecises. 

707.  How  is  wheat-starch  or  potato-starch  isolated  ? 

708.  Define  gluten  and  glutin. 

709.  Enumerate  the  proximate  principles  of  wheaten  flour. 

710.  Is  starch  soluble  in  water  ? 

711.  Which  is  the  best  chemical  test  for  starch? 

712.  Distinguish  physically  between  the  varieties  of  starch. 

713.  Into  what  compound  is  starch  converted  by  heat  ? 

714.  What  occurs  when  a  mixture  of  starch  and  water  is 
allowed  to  flow  into  hot  diluted  sulphuric  acid  ? 
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715.  If  equal  amounts  of  starcli  and  water  be  heated,  one  con- 
taining a  small  quantity  of  ground  malt,  what  effects  ensue  ? 

716.  "Write  a  short  article  on  the  chemistry  of  "  malting." 

717.  What  is  the  nature  of  gum-arabic?  and  how  is  it  distin- 
guished from    British  Gum  "  ? 

718.  Explain  isomerism,  giving  several  illustrations. 

719.  Give  examples  of  polymeric  bodies. 

720.  State  the  formula  of  a  body  metameric  with  urea. 

721.  Define  allotropy  Sind  polymorphism,  giving  illustrations. 

722.  What  form  of  cellulin  is  official  ? 

723.  Mention  the  properties  of  the  products  of  the  action  of 
nitric  acid  of  various  strengths  on  cellulin. 

724.  How  is  pyroxylin  prepared  ? 


SUGAES. 

Cane-sugar,  C^^'K^fi^^,    Inverted  sugar,  CgH^^Og.  Grape-sugar, 
Cfi^fi,,  H,0.    Milk-sugar,  C,,II,,6,„  H,0. 

Artificial  formation  of  Grape-sugar  from  Cane-sugar, — Tests 
for  Sugar. — Dissolve  a  grain  or  two  of  common  cane-sugar 
in  water.  To  a  portion  of  this  solution  placed  in  a  test-tube 
add  more  water,  two  or  three  drops  of  solution  of  sulphate 
of  copper,  a  considerable  quantity  of  solution  of  potash  or  soda 
(enough  to  turn  the  colour  of  the  liquid  from  a  light  to  a  dark 
blue),  and  heat  the  mixture  to  the  boiling-point ;  no  obvious 
immediate  change  occurs.  To  another  portion  of  the  syrup  add 
a  drop  of  sulphuric  acid,  and  boil  for  ten  or  twenty  minutes, 
then  add  the  copper  solution  and  alkali,  and  heat  as  before ;  a 
yellowish-red  precipitate  of  cuprous  oxide  (Cu^O)  faUs.  This  test 
is  exceedingly  delicate. 

The  above  reaction  is  due  to  the  conversion  of  the  cane-sugar 
(C^2-^22^ii)  ^^^^  inverted  sugar,  or  Icevulose,  CgH^^^e  (^^  called 
because  its  solution  causes  left-handed  rotation  of  a  ray  of 
polarized  light,  cane-sugar  having  an  opposite  effect),  and  grape- 
sugar,  CgH^2^6'  -^2^?  influence  of  the  sulphuric  acid,  and 
to  the  reducing  action  of  the  inverted  sugar  and  grape-sugar  on 
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the  cupric  solution.  The  formation  of  a  precipitate  immediately, 
without  the  action  of  acid,  shows  the  presence  of  the  latter  sugars 
— its  formation  only  after  ebullition  with  acid  indicating,  in  the 
absence  of  starch  or  dextrin,  cane-sugar.  In  this  reduction  pro- 
cess the  sugar  is  oxidized  and  broken  up  into  several  substances ; 
but  the  exact  nature  of  the  reaction  has  not  been  ascertained. 

Dextrin  also  reduces  the  copper  salt  to  suboxide,  unless  its 
solution  is  cold  and  very  dilute.  It  does  not,  however,  so  act  on 
a  solution  of  cupric  acetate  acidified  with  acetic  acid,  while 
glucose  produces  with  this  liquid  the  usual  red  cuprous  preci- 
pitate (Barfoed). 

Cane-sugar  or  sucrose  (SaccTiarum  Furificatum,  B.  P.)  is  a  fre- 
quent constituent  of  vegetable  juices.  Thus  it  forms  the  chief 
portion  of  cassia-pulp  (Cassice  Pidpa,  B.  P.),  is  contained  in  the 
carrot  and  turnip,  but  is  most  plentiful  in  the  sugar-cane ;  much, 
however,  is  now  obtained  from  the  sugar-maple  and  beetroot. 
On  evaporation  of  the  juice,  common  brown  or  moist  sugar  crys- 
tallizes out ;  this  by  resolution,  filtration  through  animal  char- 
coal, evaporation  to  a  strong  syrup,  and  crystallization  in  moulds, 
yields  the  compact  crystalline  conical  loaves  known  in  trade  as 
lump -sugar.  Prom  a  slightly  less  strong  syrup,  slowly  cooled, 
the  crystals  termed  sugar-candy  are  deposited,  white  or  coloured 
accordiug  to  the  colour  of  the  syrup. 

Inverted  Sugar  or  Lcevidose  is  uncrystallizable.  It  is  found  in 
the  grape,  fig  (Flcus,  B.  P.),  cherry,  and  gooseberry;  both  grape- 
sugar  and  inverted  sugar  in  the  strawberry,  peach,  plum,  etc. 

Grape-sugar  or  glucose  (from  yXvKvs,  glucus,  sweet)  is  often 
seen  in  the  crystallized  state  in  dried  grapes  or  raisins  and  other 
fruits ;  it  is  also  the  variety  of  sugar  met  with  in  diabetic  urine. 
Its  crystalline  character  is  quite  distinct  from  that  of  cane-sugar, 
the  latter  forming  large  four-  or  six-sided  rhomboid al  prisms, 
while  grape-sugar  occurs  in  masses  of  small  cubes  or  square 
plates.  Grape-sugar  is  also  less  soluble  in  water,  but  more 
soluble  in  alcohol  than  cane-sugar. 

According  to  Presenius,  the  percentage  proportion  of  saccharine 
matter  in  the  dried  fig  is  60  to  70,  grape  10  to  20,  cherry  11, 
mulberry  9,  currant  6,  whortleberry  6,  strawberry  6,  raspberry  4. 

Lsevulose  is  Isevogyrate,  while  Sucrose  and  Glucose  possess 
right-handed  rotation ;  the  latter  twist  a  ray  of  polarized  light 
from  left  to  right,  to  an  extent  dependent  on  the  amount  of 
sugar  present — a  fact  easy  of  application  in  estimating  the  amount 
of  sugar  in  syrups  or  in  diabetic  urine. 

Both  cane-sugar  and  grape-sugar  yield  alcohol  and  carbonic 
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acid  gas  by  fermentation,  tlie  cane-sngar  probably  always  passing 
into  grape-sugar  before  the  production  of  alcohol  commences. 

C^'R^fi,    =    2C,KH0    +  2C0^ 

Grape-sugar.  Alcohol.  Carbonic 

acid  gaa. 

In  bread -making^  some  of  the  starch  is  converted  into  dextrin, 
and  this  into  sugar  by  the  ferment.  The  above  action  then  goes 
on,  the  liberation  of  gas  producing  the  rising  or  swelling  of  the 
mixture  of  flour,  water,  and  yeast  (dough) — the  temperature  to 
which  the  mass  is  subjected  in  the  oven  causing  escape  of  most 
of  the  alcohol,  and  further  expansion  of  the  bubbles  of  carbonic 
acid  gas  in  every  part  of  the  now  spongy  loaf.  The  carbonic 
acid  gas  gradually  evolved  when  flour  is  worked  up  for  bread 
with  a  mixture  of  dry  bicarbonate  of  sodium  and  tartaric  acid 
(best  preserved  by  previous  admixture  with  dried  flour  "and  a  little 
carbonate  of  magnesium) — haJcing -powder — exerts  similar  influ- 
ence. The  least  objectionable  method  of  introducing  carbonic 
acid  gas,  however,  is  that  of  Dauglish,  whose  patent  Aerated 
Bread  is  made  from  flour  by  mere  admixture  with  carbonic-acid 
water  under  pressure.  On  removal  from  the  cylinder,  the  result- 
ing dough  expands  by  the  natural  elasticity  of  the  imprisoned 
carbonic  acid,  and  the  bake-oven  completes  the  process.  The 
crumb  of  bread  is  official  (Mica  Panis,  B.  P.). 

Milk-sugar  or  lactose  (C^^H^^O^^)  (SaccJiarum  Lactis,  B.  P.), 
the  sweet  principle  of  the  milk  of  various  animals,  is  not  suscep- 
tible of  alcoholic  or  vinous  fermentation  ;  but  it  resembles  grape- 
sugar  in  reducing  an  alkaline  solution  of  copper  with  precipita- 
tion of  suboxide.  It  is  readily  obtained  from  milk  by  adding  a 
few  drops  of  acid,  stirring,  setting  aside  for  the  curds  to  separate, 
filtering,  evaporating  the  ivhey  to  a  small  bulk,  filtering  again  if 
necessary,  and  allowing  to  cool  and  crystallize.  It  usually  occurs 
in  trade  "  in  cylindrical  masses,  two  inches  in  diameter,  with  a 
cord  or  stick  in  the  axis,  or  in  fragments  of  cakes — greyish- 
white,  crystalline  on  the  surface  and  in  its  texture,  translucent, 
hard,  scentless,  faintly  sweet,  gritty  when  chewed.''  It  is  soluble 
in  6  parts  of  cold  and  3  of  boiling  water ;  slightly  soluble  in 
alcohol,  insoluble  in  ether.  Powdered  milk-sugar  is  used  in 
pharmacy  as  a  vehicle  for  potent  solid  medicines. 

Action  of  ATJcali  on  Sugar. — To  a  little  solution  of  grape-sugar 
add  solution  of  potash  or  soda,  or  solution  of  carbonate  of  po- 
tassium, and  warm  the  mixture  ;   the  liquid  is  darkened  in 
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colour  from  amber  to  brown,  according  to  the  amotint  of  sugar 
present. 

Tests. — The  copper-reaction,  the  fermentation  process,  and  the 
effect  of  alkalies  lorm  three  good  tests  of  the  presence  of  grape- 
sugar,  and,  indirectly,  of  cane-sugar.  A  piece  of  merino  or  other 
woollen  material,  previously  dipped  in  a  solution  of  stannic  chlo- 
ride and  dried,  becomes  of  a  brown  or  black  colour  when  dipped 
in  a  solution  of  glucose  and  heated  to  about  300°  P.  by  holding 
before  a  fire. 

Bug ar  from  starch . — Boil  starch  with  a  little  water  and  a  drop 
of  sulphuric  acid  as  for  dextrin,  but  continue  the  ebullition  for 
several  minutes :  on  testing  a  portion  of  the  cooled  liquid  with 
iodine,  and  another  portion  with  the  heated  alkaline  solution  of  a 
copper  salt  as  described  on  page  458,  it  will  be  found  that  the 
starch  has  nearly  all  become  converted  into  grape-sugar,  or 
starch-sugar  as  it  is  sometimes  termed.  When  made  on  a  large 
scale,  a  warm  (131°  E.)  mixture  of  starch  and  water  of  the  con- 
sistence of  cream  is  slowly  poured  into  a  boiling  solution  of  one 
part  of  sulphuric  acid  in  one  hundred  of  water,  the  whole  boiled 
for  some  time,  the  acid  neutralized  by  chalk,  the  mixture  filtered, 
the  liquid  evaporated  to  a  thick  syrup  and  set  aside ;  in  a  few 
days  it  crystallizes  to  a  granular  mass  resembling  honey.  In 
this  operation  a  small  quantity  of  dextrin  remains  with  the  glu- 
cose ;  but  if  the  process  be  conducted  under  pressure,  conversion, 
according  to  Manbre,  is  complete. 

The  sugar  in  fresh  fruits  is  mainly^,  cane-sugar ;  but  by  the 
action  of  the  acid,  or  possibly  of  a  ferment  in  the  juice,  it  is  gra- 
dually converted  into  inverted  sugar,  a  variety  difi'ering  from  cane- 
sugar  in  being  uncrystallizable,  and  in  having  an  inverted  or 
opposite  infiuence  on  polarized  light,  twisting  the  ray  from  right 
to  left  (Isevogyrate,  having  Isevo-rotation — hence  sometimes  termed 
IcBvulose),  Eipe  Hips  (^Eosce  Canince  Fructus,  B,  P.)  contain  «30 
per  cent,  of  such  sugar,  besides  gum  and  acid  maJates  and  citrates. 
Pruit-sugar,  as  gathered  in  the  form  of  syrup  by  bees,  is  probably 
a  mixture  of  these  two  varieties.    It  is  gradually  altered  to  a 
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crystalline  or  granular  mass  of  grape-sugar,  as  seen  in  dried  fruits, 
such  as  Raisins  (Uvoe^  B.  P.)  and  the  Prune  (Prunuon,  B.  P.), 
and  in  solidified  honey  (3fel,  B.  P.).  This,  the  common  form  of 
grape-sugar,  is  dextrogyrate,  and  hence  is  sometimes  termed 
dextrose,  to  distinguish  it  from  Isevulose.  Honey  often  contains 
fiocculent  matters  which  cause  it  to  ferment  and  yield  mannite 
(Stoddart),  alcohol,  and  acetic  acid ;  hence  for  use  in  medicine  it 
is  directed  {Mel  Depuratum,  B.  P.)  to  he  clarified  hy  melting  and 
straining  while  hot  through  flannel  previously  moistened  with 
warm  water.  A  mixture  of  clarified  honey  80  per  cent.,  acetic 
acid  10  per  cent.,  and  water  10  per  cent,  is  ofiicial  under  the 
name  of  Oxymel  (from  6lvs,  oxus,  acid,  and  /ieXt,  meli,  honey). 
A  similar  mixture  of  honey  with  acetic  acid  containing  the  soluble 
portions  of  squill-bulbs  (Scilla,  B.  P.)  is  known  as  Oxymel  of 
Squill  (Oxymel  Scillce,  B.  P.).  Honey  or  cane-sugar  are  the  bases 
of  the  official  Confections, 

Honey-dew  "  is  a  viscid  saccharine  matter  occasionally  met 
with  on  the  leaves  of  the  lime,  maple,  black  alder,  rose,  and 
other  trees.  Sometimes  it  is  sufficiently  abundant  to  dry  and 
fall  on  the  ground,  forming  a  veritable  shower  of  manna."  It 
is  a  mixture  of  cane-sugar,  inverted  sugar,  and  dextrin. 

Barley -sugar  is  made  by  simply  heating  cane-sugar  till  it  fuses, 
a  change  from  the  crystalline  to  the  uncrystallizable  condition 
occurring.  Treacle  (Theriaca,  B.  P.),  Molasses  or  Melasses  (from 
Mel^  honey),  chiefly  results  from  the  application  of  too  much  heat 
in  evaporating  the  syrups  of  the  sugar-cane ;  it  is  a  mixture  of 
cane-sugar  with  uncrystallizable  sugar  and  colouring-matter. 
Liquorice-root  {GlycyrrMzm  Radix\  B.  P.)  contains  a  consider- 
able quantity  of  uncrystallizable  sugar. 

Caramel. — Carefully  heat  a  grain  or  two  of  sugar  in  a  test-tube 
until  it  blackens ;  the  product  is  caramel  or  hurnt  sugar  (the 
SaccJiarum  Ustum  of  pharmacy).  It  is  used  as  a  colouring  agent 
for  gravies,  confectionaries,  spirits,  and  similar  materials. 

Mannite  (CgH^^Og). — Boil  manna  with  alcohol,  filter,  and  set 
aside ;  mannite  separates  in  colourless  shining  crystals  or  acicular 
masses,  to  the  extent  of  from  60  to  80  per  cent,  of  the  manna. 

Manna^  B.  P.,  is  ^'^a  concrete  saccharine  exudation  from  the  stem 
of  Fraxinus  Ornus  and  F.  rotundifolia  ;  it  is  obtained  by  making 
incisions  in  the  stem  of  the  trees.''    It  occurs  in  stalactiform 
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pieces  from  one  to  six  inches  in  length,  and  one  or  two  inches  in 
width,  uneven,  porous,  and  friable,  curved  on  one  side,  of  a 
yellowish- white  colour,  with  a  faintly  nauseous  odour,  and  a 
sweetish  taste."  Mannite  is  also  met  with  in  celery,  onions, 
asparagus,  certain  fungi  and  sea  -weeds,  occurs  in  the  exudations 
of  apple-  and  pear-trees,  and  is  produced  during  the  viscous  fer- 
mentation of  sugar. 

Mannite  is  an  alcohol,  the  radical  of  which  is  sexivalent 
(CyB[g)^i6II0  (Wanklyn).  It  is  closely  related  to  the  sugars, 
glucose  becoming  mannite  by  action  of  nascent  hydrogen : — 

Glucose.  Hydrogen.  Mannite. 

Indeed  glucose  itself  is  probably  an  alcohol  of  another  radical 
(CgIIg)^^6II0.  Mannite  does  not  undergo  vinous  fermentation  in 
contact  with  yeast.  It  is  soluble  in  5  times  its  weight  of  cold 
water. 

Mucic  add  (Rfi^'Kfi^)  and  SaccJiaric  Acid  (H^CgHgOg)  are 
two  isomeric  bodies  formed  by  the  action  of  dilute  nitric  acid  on 
sugar  and  mannite. 


QUESTIOJ^-S  AND  EXERCISES. 

725.  How  are  cane-sugar  and  grape-sugar  analytically  dis- 
tinguished ? 

726.  Mention  the  chief  sources  of  cane-sugar. 

727.  Describe  the  methods  of  extracting  and  purifying  cane- 
sugar. 

728.  Give  chemical  explanations  of  the  different  processes  of 
bread-making. 

729.  How  is  milk-sugar  obtained  ?  and  in  what  respects  does  it 
differ  from  other  sugar  ? 

730.  By  what  process  may  starch  be  entirely  converted  into 
sugar  ? 

731.  What  is  the  difference  between  fruit-sugar  and  honey? 

732.  What  is  Oxymel? 

733.  Describe  the  effect  of  heat  on  cane-sugar. 

734.  Describe  the  source  and  character  of  manna. 

735.  Give  the  latest  view  of  the  constitution  of  mannite. 

736.  Whence  are  mucic  and  saccharic  acids  obtained? 
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THE  GLUCOSIDES 

Source. — The  Glucosides  are  certain  proximate  vegetable  prin- 
ciples which.,  by  ebullition  with  dilute  acid,  or  other  method  of 
decomposition,  take  up  the  elements  of  water  and  yield  glucose, 
accompanied  by  a  second  substance,  which  differs  in  each  case 
according  to  the  body  operated  on.  Several  of  the  glucosides 
which  are  of  pharmaceutical  interest  will  now  be  considered. 
Tannin,  or  tannic  acid,  is  also  a  giucoside ;  it  has  been  described 
among  the  acids. 

Note  on  Nomenclature.' — The  first  syllable  of  the  names  of 
glucosides  and  neutral  principles  generally  are  commonly  given 
in  allusion  to  origin ;  the  last  syllable  is  m,  which  sufficiently 
distinguishes  them  as  a  class. 

Amtgdalin-  (C^oHg^NOj^,  SH^O). — This  body,  obtained  by  Eo- 
biquet  and  Eoutron-Charlard  in  1830,  was  the  first  discovered 
giucoside  (Liebig  and  Wohler,  1837).  It  is  a  white  crystalline 
substance,  existing  in  the  bitter  {Amygdala  Amara,  B.  P.)butnotin 
the  sweet  almond  (Amygdala  Dulcis,  B.  P.).  About  2  per  cent,  is 
readily  extracted  by  strong  alcohol  from  the  cake  left  when  the 
fixed  oil  has  been  expressed  from  bitter  almonds.  Erom  the  con- 
centrated alcoholic  solution  ether  precipitates  the  amygdalin. 

Make  an  emulsion  of  two  or  three  sweet  almonds  by  bruising 
and  rubbing  them  with  water,  and  notice  that  it  has  no  odour  of 
essential  oil  of  bitter  almonds ;  add  a  grain  or  two  of  amygdalin, 
an  odour  of  essential  oil  of  bitter  almonds  is  at  once  developed. 
Bruise  two  or  three  bitter  almonds  and  rub  with  water ;  the 
volatile  oil  is  again  developed. 

The  source  of  the  hydride  of  benzoyl,  or  essential  oil  of  bitter 
almonds,  in  these  reactions  is  the  amygdalin,  which,  under  the 
influence  of  synaptase  or  emidsin  (a  nitrogenous,  casein -like, 
ferment  existing  in  both  bitter  and  sweet  almonds),  splits  up  into 
the  essential  oil,  hydrocyanic  acid,  and  glucose  : — 

C,„H,,NO„  +  2H,0  =  C,H,OH  +  HCIT  +  2C„H,,0, 

Amygdalin.  Water.  Hydride  of        Hydrocy-  Griucose. 

benzoyl.  anic  acid. 
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As  each  molecule  of  amygdalin  yields  one  of  hydrocyanic  acid,  a 
simple  calculation  shows  that  17  grains  (mixed  with  emulsion 
of  sweet  almonds)  will  he  required  to  form  one  grain  of  real 
hydrocyanic  acid,  a  quantity  equivalent  to  50  minims  of  the 
dilute  hydrocyanic  acid  of  the  British  Pharmacopoeia. 

Test. — The  reaction  between  synaptase  and  amygdalin  is  ap- 
plicable as  a  test  of  the  presence  of  one  by  the  addition  of  the 
other,  even  when  mixed  with  much  organic  matter. 

Cherry -Laurel  water  {Aqua  Laurocerasi,  B.  P.,  by  distillation 
with  water  from  Laurocerasi  Folia,  B.  P.)  contains  hydrocyanic 
acid  derived  from  a  reaction  similar  to,  indeed  probably  identical 
with,  that  just  described,  for  bitter-almond  oil  is  simultaneously 
produced.  But  the  proportion  of  amygdalin  or  analogous  body 
in  cherry-laurel  leaves  is  most  variable ;  hence  the  strength  of 
the  water  is  highly  uncertain. 

Cortex  Pruni  t^erotince,  U.  S.  P. — The  recently  dried  Wild- 
Black- Cherry  Bark  also  furnishes  by  distillation  an  essential  oil 
and  hydrocyanic  acid.    Quince-seeds  also  (Ci/clonia  vulgaris). 

Caution. — Essential  oil  of  almonds  is  of  course  highly  poisonous. 
The  purified  oil  or  hydride  of  benzoyl  is  almost  innocuous  ;  it  is 
obtained  on  distilling  the  crude  oil  with  milk  of  lime  and  ferrous 
chloride  and  thoroughly  drying  the  product  by  shaking  with  fused 
chloride  of  calcium.  Artificial  oil  of  bitter  almonds  or  nitrobenzol 
(CgH^(I^02)H),  when  taken  in  quantity,  has  been  known  to  produce 
death.  The  presence  of  nitrobenzol  in  oil  of  bitter  almonds  is 
detected  by  adding  a  little  of  the  oil  to  a  mixture  of  zinc  and 
diluted  sulphuric  acid,  shaking  well,  setting  aside  for  an  hour  or 
two,  filtering  off  the  clear  liquid,  and  adding  a  little  chlorate  of 
potassium ;  a  violet  colour  (actual  mauve)  is  produced.  Or  the 
specimen  may  be  shaken  with  bisulphite  of  sodium  to  fix  the 
essential  oil  and  then  with  ether,  which  dissolves  out,  and  on 
evaporation  will  yield,  the  nitrobenzol. 

Aebutin  (C^^Hy^Oj^,  S^O)  is  contained  in  the  leaves  of  Arctosta- 
pliylos  uva  ursi  and  Chimaphila  umhellata.  It  is  a  bitter  neutral 
body  occurring  in  acicular  crystals,  and  resolvable  by  acids  into 
Jiyclrokinone  (CgHgO^)  and  glucose,  and  by  gentle  oxidation  into 
kinone  (CgH^O^)  and  formic  acid.  Ericolin  {Q^Jl.fi^^  is  another 
bitter  glucoside  in  bearberry-leaves. 

Cathartic  Acid. — "  The  glucoside  acid  that  now  is  known  to 
confer  on  the  Senna  of  Alexandria  {Senna  Aleooandrina,  B.  P.) 
and  Tinnevelly  {Senna  Indica,  B.  P.)  its  purgative  property,  has 
been  named  by  its  discoverers  (Dragendorf  and  Kubly)  Cathartic 
acid.    Its  formula  has  been  stated  as  C^g^H^g^N^SOg^,  which,  if 
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true,  accounts  for  its  extreme  instability.  It  is  insoluble  in  water, 
strong  alcohol,  and  ether,  but  enters  readily  into  watery  solution 
when  combined  with  alkaline  and  earthy  bases,  in  which  state  it 
exists  in  senna.  Its  ammonium  salts  give  brownish  fiocculent 
precipitates  with  salts  of  silver,  tin,  mercury,  copper,  and  lead. 
Antimonial  salts,  tannin,  yellow^  and  red  prussiates  have  no  effect 
upon  it.  Alkalies,  aided  by  heat,  act  destructively  upon  it. 
Boiled  with  a  mineral  acid  it  splits  into  a  peculiar  kind  of  glucose 
and  an  acid  that  has  been  named  Cathartogenic ;  its  formula  is 
said  to  be  C^g^H^^glSr^SO^^.  The  natural  cathartate  occurring  in 
senna  is  prepared  by  partially  precipitating  by  strong  spirit  a 
watery  infusion  of  senna,  concentrated  to  a  syrupy  state  by 
evaporation  in  vacuo.  The  filtrate  is  now  treated  with  a  much 
larger  bulk  of  absolute  alcohol,  and  the  precipitate  thus  obtained 
is  purified  by  repeated  solution  in  water  and  precipitation  by 
alcohol.  To  obtain  the  pure  acid,  advantage  is  taken  of  its 
colloidal  properties  ;  the  crude  cathartate  is  dissolved  in  mode- 
rately strong  hydrochloric  acid,  and  subjected  to  dialysis  on  a 
diaphragm  of  parchment  paper.  The  minimum  dose  of  this  pure 
acid  was  found  to  be  about  1|  grain,  which  caused  several  stools 
with  decided  griping. 

"  The  cathartic  combinations  that  I  have  made  are,  the  cathar- 
tate of  ammonium,  prepared  from  cathartate  of  lead  by  my 
original  process,  and  the  mixed  cathartates,  prepared  according 
to  Dragendorf  s  method  as  modified  by  myself.  Of  the  former 
nearly  pure  salt,  I  have  found  3|  grains  to  purge  fairly  as  to 
amount,  but  slowly  as  to  time,  and  with  considerable  griping. 
Of  the  latter,  7|  grains  purged  violently  wdth  much  griping  and 
sickness,  which  continued  through  the  greater  part  of  the  day. 
It  obviously  would  be  improper  to  combine  senna  with  any  of  its 
metallic  precipitants,  should  such  be  desired,  which  is  not  likely. 
It  is  here  satisfactory  to  observe  that  the  cathartate  of  mag- 
nesium is  soluble,  and  that  the  old-fashioned  black  draught 
agrees  with  new-fashioned  science."  (Groves.) 

Buckthorn-juice  (Bhamni  Succus,  B.  P.)  owes  its  cathartic  pro- 
perties to  a  substance  apparently  identical  with  cathartic  acid. 

CoLOCTNTHii^  (C.gH^^Ogg?). — This  substance  is  the  active  bitter 
and  purgative  principle  of  colocynth-fruit  {Colocyntliidis  PuJ/pa^ 
B.  P.)  :  it  is  soluble  in  water  and  alcohol,  but  not  in  ether.  By 
ebullition  with  acids  it  furnishes  glucose  and  a  resinoid  body. 

CojTVOLvuLix. — See  Jalapiis". 

Daphnin  (Cg^Hg^O^^)  is  the  crystalline  glucoside  of  the  bark  of 
Daphne  mezereum  (Mezerei  Cortex,  B.  P.).    Boiled  with  dilute 


THE  GLUCOSTDES. 


467 


acids  it  yields  daplmetin  (C^^H^^Og)  and  glucose.  The  acrid  prin- 
ciple of  mezereon  is  resinoid. 

DiaiTALiJ^-  (C^^H^gOj.,  Kosmann;  CgH^O^,  Schmiedeberg). — 

This  is  an  active  principle  of  the  Foxglove  {Digitalis,  B.  P.). 

Eoil  a  grain  of  digitalin  {Digitalinum,  B.  P.)  with  dilute  sulphuric 

acid  for  some  time ;  flocks  of  digitaliretin  (C^.H^.O.)  separate,  and 

glucose  may  be  detected  in  the  liquid. 

G,J1,,0,,  +  2H,0  =  C,,H,,0,  +  2C,H,,0, 

Digitalin.  Water.         Digitaliretin.  Glucose. 

Properties. — Digitalin  occurs  "  in  porous  mammillated  masses 
or  small  scales,  white,  inodorous,  and  intensely  bitter,  readily 
soluble  in  spirit,  but  almost  insoluble  in  water  and  in  pure  ether, 
dissolves  in  acids,  but  does  not  form  with  them  neutral  com- 
pounds ;  its  solution  in  hydrochloric  acid  is  of  a  faint  yellow 
colour,  but  rapidly  becomes  green.  It  leaves  no  residue  when 
burned  with  free  access  of  air.  It  powerfully  irritates  the 
nostrils,  and  is  an  active  poison.''  According  to  Pettenkofer  "an 
intense  red  colour  is  produced  if  a  trace  of  digitalin  dissolved  in 
water  is  mixed  with  a  weak  aqueous  solution  of  inspissated  bile 
and  sufficient  oil  of  vitriol  added  to  raise  the  temperature  to 
158^  P."  Moistened  with  sulphuric  acid  and  the  liquid  exposed 
to  the  vapour  of  bromine,  a  violet  colour  is  produced. 

Process. — The  official  process  for  the  preparation  of  digitalin 
consists  in  dissolving  the  glucoside  out  of  the  digitalis -leaf 
{Digitalis  Folia,  B.  P.)  by  alcohol,  recovering  the  alcohol  by 
distillation,  dissolving  the  residue  in  water  by  the  help  of  a 
small  quantity  of  acetic  acid,  removing  much  of  the  colour  from 
the  solution  by  animal  charcoal,  neutralizing  most  of  the  acetic 
acid  by  ammonia,  precipitating  the  digitalin  by  tannic  acid  (with 
which  it  forms  an  insoluble  compound),  washing  the  precipitate, 
rubbing  and  heating  it  with  spirit  and  oxide  of  lead  (which 
removes  the  acid  in  the  form  of  insoluble  tannate  of  lead),  again 
decolorizing  by  animal  charcoal,  evaporating  to  dryness,  washing 
out  impurities  still  remaining  by  ether,  and  drying  the  residual 
digitalin.    In  this  form  digitalin  is  uncrystallizable. 

Pure  Digitalin  (^.). — On  treating  commercial  digitalin  with 
chloroform  only  an  inert  substance  remains  undissolved.  The 
solution  yields  pure  digitalin  on  evaporation ;  it  may  be  crystal- 
lized from  spirit  in  radiating  needles.  (^^ativeUe.)  The  thera- 
peutic effect  of  the  pure  substance  is  identical  with  the  prepara- 
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tions  of  digitalis,  but,  as  miglit  be  expected,  more  constant  in  its 
action  and  of  course  intensely  powerful. 

Digitoxin  (Cg^HggO^)  is  a  highly  poisonous  substance  extracted 
from  Foxglove  by  Schmiedeberg.  The  same  chemist  regards 
commercial  digitalin  from  Poxglove-seeds  as  composed  of  three 
glucosides,  namely,  pure  digitalin  {QJlJd^,  digitonin  (Cg^Hg^O^^) 
(closely  allied  to  saponin),  and  digitalein. 

Elateriit  (C^^H.^qO^). — Boil  elaterium  {Elaterium,  B.  P.),  the 
dried  sediment  from  the  juice  of  the  squirting- cucumber  fruit 
(Echcdii  Fructus,  B.  P.),  in  a  small  quantity  of  spirit  of  wine,  and 
filter;  fibrous  and  amylaceous  matter  remain  insoluble,  while 
elaterin  and  resin  are  dissolved.  The  filtrate,  concentrated  and 
poured  into  a  warm  solution  of  potash,  yields,  on  cooling, 
crystals  of  elaterin,  resin  being  retained  by  the  alkali.  It  is 
purified  by  recrystallization  from  spirit.  Boil  elaterium  in  dilute 
sulphuric  acid  for  an  hour  or  two,  filter,  and  test  the  clear  liquid 
for  glucose ;  a  reddish  precipitate  of  cuprous  oxide  falls.  This 
reaction  is  readily  obtained  with  elaterium,  but  not  always  with 
elaterin ;  hence  probably  the  latter  is  not  a  true  glucoside.  Walz 
states  that  elaterium  also  contains  propJietin,  a  true  glucoside. 

Elaterin  is  the  active  principle  of  the  so-called  elaterium. 
Elaterium  occurs  "  in  light  friable  slightly  incurved  cakes,  about 
one  line  (j^^"  inch)  thick,  greenish-grey,  acrid  and  bitter;  fracture 
finely  granular."  Good  specimens  of  this  drug  should  yield,  ac- 
cording to  the  British  Pharmacopoeia,  not  less  than  20  per  cent, 
of  elaterin  by  the  above  process.  Elaterium  is  sometimes  adul- 
terated with  chalk  and  other  substances. 

According  to  the  experience  of  Eliickiger  and  Hanbury  the  best 
method  of  obtaining  elaterin  is  to  exhaust  elaterium  with  chloro- 
form and  then  to  add  ether  to  the  chloroform,  when  crystalline 
elaterin  is  precipitated.  It  should  be  washed  with  a  little  ether 
and  crystallized  from  chloroform.  When  pure  it  occurs  in  hexa- 
gonal scales  or  prisms. 

Gej^tiopiceijs",  or  Gen tiaist  -  bitter  (0^^!^^^^^),  the  neutral 
crystalline  principle  of  the  root  of  Gentiana  lutea  {Radioo 
Gentiance,  B.  P.).     It  is  soluble  in  water  and  weak  spirit. 
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Alkalies  decompose  it.  Dilute  acids  convert  it  into  gentiogenin 
and  glucose. 

GLTcyEEHizii?-  (C^^HggOg). — Liquorice-root  (Ghjcyrrhizas  Radix, 
B.  P.),  in  addition  to  uncrystallizable  sugar,  contains  a  sweet 
substance,  glycyrrJiizin,  which,  when  boiled  with  hydrochloric 
acid  or  dilute  sulphuric  acid,  yields  a  resinoid  bitter  body,  glycyr- 
retin,  and  un  nncrystallizable  sugar  resembling  glucose.  Glycyr- 
rhizin  is  only  slightly  soluble  in  cold  water,  hence  is  almost  wholly 
excluded  from  the  official  evaporated  infusion  {Extractiim  Gly- 
cyrrhizce,  B.  P.,  and  Extractum  GlycyrrJiizce  Liqiiidmn,  B.  P.), 
but  is  present  in  considerable  quantity  in  the  evaporated  decoction 
{^Stick  Liquorice,  SpanisJi  Liquorice,  or  Solazzi  Juice).  The  tropical 
substitute  for  liquorice  is  the  root  of  Ahrus  precatorius,  or  Indian 
Liquorice  (Ahri  Radix,  P.  I.),  which  also  apparently  contains 
glucose  and  glycyrrhizin. 

Gtjaiacix. — Ptesin  of  guaiacum  (Guaiaci  Resina,  B.  P.),  an 
exudation  from  the  wood  (Guaiaci  Lignum,  B.  P.)  of  Guaiacum 
officinale,  is  probably  a  mixture  of  several  snbstances,  among 
which  are  Guaiaretic  or  Guaiaretinic  acid  (C^^H^fi^)  (Hlasiwetz), 
Guaiaconic  acid  (Q.^^^fi.^^  (Hadelich),  and  Guaiacin,  a  glucoside. 
On  boiling  guaiacum-resin  with  dilute  sulphuric  acid  for  some 
time,  glucose  is  found  in  the  liquid,  a  green  resinous  substance 
{guaiaretin)  remaining  insoluble  (Kosmann).  Most  oxidizing 
agents,  and  even  atmospheric  air,  especially  under  the  influence 
of  certain  organic  substances,  produce  a  blue,  then  green,  and 
finally  a  brown  colour  when  brought  into  contact  with  an 
alcoholic  solution  of  guaiacum-resin. 

These  effects  are  said  to  be  due  to  three  stages  of  oxidation 
(Jonas).  They  may  be  observed  on  adding  the  solution  to  the 
inner  surface  of  a  paring  of  raw  potato. 

Hellebokii^  (CggH^^^e)  and  Helleboeeiin-  (C^eH^P^g)  are  crj^s- 
talline  glucosides  occurring  in  the  roots  of  Black  Hellebore 
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(Hellehorus  niger),  or  Christmas  Eose,  and  Green  Hellebore  (IT, 
viridis),  ranunculaceous  herbs. 

Jalapiint  (Cg^H.^O^g)  and  Coiq-yoLVTiLiK  (Cg^H.gO^g). — According 
to  Keyser  and  Meyer,  jalap-resin  contains  two  distinct  substances 
■ — convolvulin,  chiefly  obtained  from  Mexican  male  jalap  (Ipomcea 
orizabensis)^  and  jalapin,  most  largely  contained  in  the  true  jalap 
{IpomcBa  purga)  ;  the  former  is  soluble  in  ether,  the  latter  inso- 
luble, Eoil  jalap-resin  with  dilute  sulphuric  acid  for  some  time 
and  filter  ;  a  substance,  which  is  probably  a  mixture  of  jalapinol 
(Cjgll^^Og)  and  convolvulinol  (C^gHg^Og),  separates ;  and  glucose 
may  be  detected  in  the  clear  liquid.  (It  is  to  be  regretted  that 
the  authors  transpose  the  above  names,  terming  the  old  well- 
known  jalapin  convolvulin.) 

C3iH,„0,,    +    5H,0    =    C,3H,P3    +  SGJI^fi, 

Jalapin.  Water.  Jalapinol.  Griucose. 

Jalapic  acid. — This  is  contained  in  the  portion  of  jalap-resin 
soluble  in  ether.  It  may  also  be  obtained  from  jalapin  by  ebulli- 
tion with  alkalies  : — 

Jalapin.  Water.  Jalapic  acid. 

Jalap-resin  (Jalapce  Besina,  B.  P.)  is  obtained  by  digesting  and 
percolating  jalap-tubercles  (Jalapa,  B.  P.)  with  spirit  of  wine,  add- 
ing a  little  water,  distilling  off  the  spirit,  pouring  away  the  aqueous 
portion,  which  contains  much  saccharine  matter,  and  washing  and 
drying  the  residual  resin.  The  tincture  is  sometimes  decolorized 
by  animal  charcoal,  and  the  evaporated  product  sold  as  jalapin. 

Jalap -resin  is  insoluble  in  oil  of  turpentine  ;  common  resin,  or 
rosin,  soluble.  If  the  presence  of  the  latter  is  suspected,  the 
specimen  should  be  powdered,  digested  in  turpentine,  the  mixture 
filtered,  and  the  filtrate  evaporated :  no  residue,  or  not  more  than 
yielded  by  the  turpentine  itself,  should  be  obtained. 

Tampico  Jalap^  from  Ipomm  simidans,  yields  a  resin  which 
apparently  is  chiefly  convolvulin,  but  sometimes  contains  jalapin; 
for  a  sample  obtained  by  Hanbury  was  entirely  soluble  in  ether, 
and  another  extracted  by  Umney  was  almost  wholly  soluble, 
while  Evans  purified  some,  half  only  of  which  was  soluble. 
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The  Kaladana  resin,  or  Pliarhitisin  of  India  (from  Pliarhitis  ■ 
Nil,  P.  I.),  is  a  cathartic  analogous  to,  if  not  identical  with,  resin 
of  jalap. 

PiCKOTOxiiq-  (CjHgO^,  Oppermann ;  Jl^^O,,  Pelletier  and 
Couerbe)is  a  crystalline  bitter  poisonous  principle  (ttlkpos,  loicros, 
bitter,  and  to^ikov,  toooicon,  poison)  occurring  in  Coccvhis  indicus^ 
the  dried  fruits  of  Anamirta  coccidus,  P.  I.  Ludwig  regarded  it 
as  a  glucoside  ;  but  its  constitution  is  not  yet  satisfactorily  ascer- 
tained. 

Salicin  (C^^'K^fi^). — This  substance  is  contained  in  and  easily 
extracted  from  willow-bark. 

Tests. — 1.  To  a  small  portion  of  salicin  placed  on  a  white  plate 
or  dish  add  a  drop  of  strong  sulphuric  acid ;  a  deep-red  colour  is 
produced, 

2.  Boil  salicin  with  dilute  sulphuric  acid  for  some  time  ;  it  is 
converted  into  sallgenin  (C^HgO^)  and  glucose, 

C.3H,,0,    +    H,0    =    C,H,0,    +  C.H^.O, 

Salicin.  Water,  Saligeiiin,  Glucose. 

Examine  a  portion  of  the  solution  for  grape-sugar  by  the  copper 
test. 

3.  To  another  portion  of  the  liquid,  carefully  neutralized,  add 
a  persalt  of  iron  ;  a  purplish-blue  colour  is  produced,  due  to  the 
reaction  of  the  saligenin  and  the  ferric  salt. 

4.  Heat  a  mixture  of  about  1  part  of  salicin,  1  of  red  chromate 
of  potassium,  1|  of  sulphuric  acid,  and  20  of  water  in  a  test- 
tube  ;  a  fragrant  characteristic  odour  is  evolved,  due  to  the 
formation  of  hydride  of  salicyl  (C^H.O^H),  an  essential  oil 
identical  with  that  existing  in  meadow-sweet  {Spircea  ulmaria) 
and  in  heliotrope. 

2C,H30,    +    0,    =    2C,Hp,H    +  2H,0 

Saligenin.  Oxygen.  Hydride  of  Water. 

salicyl. 

Santonin  (C^gll^gOg). — This  substance  is,  apparently,  the  an- 
hydride of  a  weak  acid  (Hesse)  insoluble  in  ammonia,  but 
forming  a  soluble  calcium  salt.    Prom  a  solution  of  santonate  of 


472 


AMYLACEOUS  AND  SACCHARINE  SUBSTANCES. 


Calcium  the  santonin  is  precipitated  by  acids.  Eoiled  for  some 
time  with  dilute  sulphuric  acid  it  yields  87  per  cent,  of  an  inso- 
luble resinous  substance  (santoniretin)  and  glucose  (Kosmann). 
Santonin  (Santonimim,  B.  P.)  is  official  in  the  British  Pharma- 
poeia  :  it  is  soluble  in  an  aqueous  solution  of  twice  its  weight  of 
carbonate  of  sodium. 

Process. — The  process  for  its  preparation  consists  in  boiling 
santonica  (the  unexpanded  flower-heads  of  an  undetermined 
species  of  Artemisia)  with  milk  of  lime  (whereby  santouate  of 
calcium  is  formed),  straining,  precipitating  the  santonin  or  san- 
tonic  acid  by  hydrochloric  acid,  washing  with  ammonia  to  remove 
resin,  dissolving  in  spirit  and  digesting  with  animal  charcoal  to 
get  rid  of  colouring-matter,  setting  the  spirituous  solution  aside 
to  deposit  crystals  of  santonin,  and  purifying  by  recrystallization 
from  spirit.  (Mialhe.) 

Saponiis^  (C^JI^fi^  ?)  is  a  peculiar  glucoside  occurring  in  Soap- 
wort,  the  root  of  the  common  Pink,  and  many  other  plants  :  its 
solution  in  water,  even  though  very  dilute,  froths  like  a  solution 
of  soap.  Pereira  considered  smilacin  {salseparin  or  joarallin),  one 
of  the  principles  of  the  supposed  activity  of  Sarsaparilla  (Sarzce 
Hadix,  B.  P.),  to  be  closely  allied  to,  if  not  identical  with, 
saponin.  According  to  Klunge  (^  Pharmacographia'),  parallin,  by 
action  of  acids,  yields  parigeyiin  ;  but  his  researches  are  not  yet 
(1875)  completed.  The  aqueous  solutions  of  parallin  froth  when 
shaken. 

Saponin  is  also  met  with  in  the  root  of  Poly  gala  Senega  (Senegce 
Radix,  B.  P.),  though  the  active  principle  of  senega  is  said  to  reside 
in  polygalic  acid,  probably  a  glucoside  derivative  of  saponin. 

ScAMMONiisr  (Cg^H.^^O^g). — Boil  resin  of  scammony  (Scammonice 

Pesina,  B.  P.)  with  dilute  sulphuric  acid  for  some  time ;  glucose 

may  then  be  detected  in  the  liquid,  a  resinous  acid  termed  scam- 

moniol  (C^^H^gOg  ?)  being  produced  at  the  same  time. 

Natural  scammony  (Scammonium,  B.  P.)  is  an  exudation  from 
incisions  in  the  living  root  (Scammonice  Padix,  B.  P.)  of  Convol- 
vulus Scamm.onia.  It  contains  from  10  to  20  per  cent,  of  gum, 
and,  therefore,  when  rubbed  up  with  water,  gives  an  emulsion. 

Ether  removes  from  80  to  90  per  cent,  of  resin"  (B.  P.).  The 
official  resin  of  scammony  contains  no  gum,  and  therefore  gives 
no  emulsion  when  rubbed  up  with  water.  It  is  made  by  digesting 
the  root  in  spirit,  adding  water,  distilling  off  the  alcohol,  and 
washing  the  residual  resin  with  hot  water  till  free  from  gum. 
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There  seems  to  be  little  or  no  chemical  difference  between  the 
extracted  resin  and  the  resin  of  the  exuded  scammony. 

Eesin  of  scammony  is  soluble  in  all  proportions  in  ether. 
Spirgatis  states  that  it  is  identical  with  the  resin  of  Mexican 
Male  Jalap,  which  also  is  soluble  in  ether.  Sulphuric  acid 
slowly  reddens  it.  It  is  said  to  be  liable  to  adulteration  with 
resin  of  true  jalap,  guaiacum-resin,  and  common  rosin.  E.esin 
of  true  jalap  is  insoluble  in  ether,  guaiacum-resin  is  distinguished 
by  the  colour-tests  mentioned  under  Guaiacii^,  and  rosin  by  the 
action  of  sulphuric  acid. 

SciLLiTiN". — Schroif  believes  the  bitter  principle  of  the  squill- 
bulb  (Scilla,  B.  P.)  to  be  a  glucoside.  Squill  also  contains  a 
large  quantity  of  mucilage. 

The  bulbous  root  of  Crinum  asiaticum  is  official  in  the  Phar- 
macopoeia of  India  (Crini  Radix ^  P.  I.)  as  a  substitute  for  squill. 
It  has  not  been  chemically  investigated. 


QUESTIONS  AEJ)  EXEECISES. 

737.  Define  glucosides,  and  mention  those  of  pharmaceutical 
interest. 

738.  Draw  out  an  equation  illustrative  of  the  development 
of  Oil  of  Bitter  Almonds. 

739.  How  much  pure  amygdalin  will  yield  one  grain  of  real 
hydrocyanic  acid  ? 

740.  To  what  does  Cherry-Laurel  water  owe  activity?  Is  the 
preparation  trustworthy? 

741.  Mention  the  active  principle  of  Senna. 

742.  Ey  what  process  is  the  glucoside  of  the  purple  foxglove 
prepared  ? 

743.  State  the  circumstances  under  which  Guaiacum-Eesin 
and  Jalap-Resin  yield  glucose. 

744.  Mention  a  test  for  guaiacum-resin. 

745.  How  may  the  adulteration  of  jalap-resin  by  rosin  be 
detected  ? 

746.  Enumerate  the  tests  for  Salicin. 

747.  How  is  Santonin  officially  prepared? 

748.  JSTame  sources  of  saponin. 

749.  What  is  the  difference  between  Scammony  and  Eesin  of 
Scammony  ? 

750.  How  would  you  detect  resins  of  turpentine,  guaiacum,  or 
jalap  in  resin  of  scammony? 
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ALCOHOL,  OE  HYDEATE  OF  ETHYL. 


Formation  of  Alcohol. — Perment  two  or  three  grains  of  sugar 
by  dissolving  in  a  test-tube  full  of  water,  adding  a  little  yeast 
(Oerevisce  Fermentum,  B.  P«),  or  a  piece  of  tbe  so-called  German 
or  dried  yeast,  and  setting  the  whole  aside  for  several  hours  in  a 
warm  place  at  a  temperature  of  70°  or  75°  F. ;  carbonic  acid  gas 
is  evolved,  and,  if  the  tube  be  inverted  in  a  small  dish  contain- 
ing water,  may  be  collected  in  the  upper  part  of  the  tube  and 
subsequently  tested :  the  solution  contains  alcohol.  If  the  ex- 
periment be  made  on  larger  quantities  (four  ounces  of  sugar,  one 
of  yeast,  and  a  pint  of  water)  the  fermented  liquid  should  be  dis- 
tilled, one  half  being  collected,  shaken  with  a  little  lime,  soda,  or 
potash  to  neutralize  any  acetic  acid  and  decompose  ethereal  salts, 
and  again  distilled  till  one  half  has  passed  over ;  the  product  is 
dilute  spirit  of  wine.  It  may  be  still  further  concentrated  or 
rectified  by  repeating  this  process  of  fractional  distillation. 

Both  cane-sugar  and  grape-sugar  yield  alcohol  by  fermenta- 
tion, the  cane-sugar  probably  always  passing  into  grape-sugar 
before  the  production  of  alcohol  commences. 


Traces  of  several  other  substances  are  simultaneously  produced 
(vide  Fousel  Oil in  Index).  By  this  reaction  are  formed  the 
spirit  of  the  various  kinds  of  wine,  beer,  and  liqueurs,  such  as 
Orange  Wine  {Vinum  Aurantii^  B.  P.),  made  "by  the  fermen- 
tation of  a  saccharine  solution,  to  which  the  fresh  peel  of  the 
bitter  orange  has  been  added Sherry  Wine  (  Vinum  Xericiim, 
B.  P.),  the  fermented  juice  of  the  grape  ;  Bay  Bum,  or  Spirit  of 
Myrcia  (Sjpiritus  Myrcice,  U.  S.  P.),  prepared  by  distilling  rum 
with  leaves  of  Myrcia  acris  ;  and  others. 

Varieties  of  Alcohol. — The  weak  spirit  concentrated  by  distilla- 
tion till  it  contains  84  per  cent,  by  weight  of  pure  alcohol  is  an 
ordinary  article  of  commerce  ;  its  specific  gravity  at  60°  is  0*8382. 


2Cjr,H0    +  2C0, 


Grape-sugar. 


Alcohol.  Carbonic 
acid  gas. 
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This  is  common  Spirit  of  Wine,  the  Spiritus  Rectificatus  of  the 
Eritish  Pharmacoposia.  The  official  Proof  Spirit^  (Spiritiis 
Tenuior,  E.  P.)  contains  49  per  cent,  weight  of  alcohol,  and 
is  made  by  diluting  100  volumes  of  Eectified  Spirit  with  water 
until  the  well-stirred  product  measures  156  volumes.  Sixty 
volumes  of  water  will  be  required  for  this  purpose,  the  liquids 
occupying  less  bulk  after  than  before  admixture.  In  the  lan- 
guage of  the  Excise  authorities,  the  rectified  spirit  of  the  Phar- 
macopoeia would  be  described  as  "56  per  cent,  over  proof  ^' 
(56  per  cent.  0.  P.);  that  is,  100  volumes  contain  as  much 
alcohol  as  is  present  in  156  volumes  of  proof  spirit.  Obviously^ 
proof  spirit  may  be  made  by  diluting  with  water  rectified  spirit 
of  any  other  strength  than  that  mentioned  above.  Thus  100 
fluid  ounces  of  a  spirit  of  "seventy  over  proof  may  be  diluted  to 
170,  or  the  same  quantity  of  a  spirit  of  "fifty  over  proof  may 
be  diluted  to  150,  and  so  on.  The  specific  gravity  of  proof  spirit 
at  60° P.  is  0-920, 

Empirical  Formiilce.  Composition  of  AlcoJiol. — Alcohol,  by 
quantitative  analysis,  is  found  to  contain  the  elements  carbon^ 
hydrogen,  and  oxygen  in  the  following  proportions : — 

Composition  of  Alcohols 

Carbon    ......  52*174  or  -f-  12  =    4-348  or  2. 

Hydrogen  ....  13-043  or        1  =  13-043  or  6. 

Oxygen   34-783  or  ™  16  =   2-174  or  1. 


100-000 

Prom  the  centesimal  numbers  a  formula  is  obtained  in  the  usual 
way.  Thus,  on  dividing  these  figures  by  the  atomic  weights  of 
the  respective  elements  (C  =  12,  H=:l,  0  =  16),  and  reducing  the 
products  to  the  simplest  whole  numbers,  alcohol  will  be  found 
to  contain  two  atoms  of  carbon  to  every  six  of  hydrogen  and 
to  every  one  of  oxygen,  and  its  possible  or  empirical  formula  to 
beC^H^O, 

Constitution  of  Alcohol. — There  is  good  reason  to  believe  that 
alcohol  is  the  hydrate  of  a  basylous  radical  ethyl  (C^H.  or  Et) ; 
hence  we  derive  the  rational  formula  C^HgllO  or  EtflO. 

Froof  s'pirit  is  so  termed  from  the  fact  that  in  olden  times  a  proof  of  its 
strength  was  supposed  to  be  afforded  bj  moistening  a  small  quantity  of 
gunpowder  and  setting  light  to  the  spirit ;  if  it  fired  the  powder  it  was  said 
to  be  "  over  proof ;"  if  not,  "  under  proof."  The  weakest  spirit  that  would 
stand  this  test  was  what  we  should  now  describe  as  of  sp.  gr.  0-920. 
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national  Fonnulce. — Hational  formulae  are  deduced  by  (1) 
ascertaining  how  much,  of  the  substance  will  combine  with,  dis- 
place or  play  the  part  of,  the  atomic  weight  of  a  well-known 
element  or  radical.  "When  this  method  cannot  be  applied,  or  in 
confirmation  of  it,  processes  of  (2)  reduction,  (3)  oxidation,  (4) 
substitution,  etc.  are  employed. 

Salts  of  ethyl. — Alcohol  is,  then,  a  body  analogous  in  constitu- 
tion to  hydrate  of  potassium  (KHO) ;  and  there  are  other  com- 
pounds of  ethyl  analogous  in  constitution  to  ordinary  inorganic  salts, 
such  as  those  of  potassium.  The  oxide  of  ethyl  (Et^O)  is  common 
ether  ;  the  nitrite  of  ethyl  (EtIN'Og)  is  the  chief  body  which, 
dissolved  in  spirit  of  wine,  constitutes  "  sweet  spirit  of  nitre 
the  acid  sulphate  of  ethyl  (EtHSO^),  or  sulphethylic  or  sulpho- 
vinic  acid,  is  a  liquid  met  with  in  the  preparation  of  ether.  The 
iodide  (EtI),  hydride  (EtH),  acetate  (EtA),  and  other  salts  are 
of  considerable  chemical  interest,  but  not  used  in  medicine. 

Absolute  or  Real  Alcohol  (G,HgHO)  may  be  prepared  from  spirit 
of  wine  by  removing  the  water  which  the  latter  contains.  This  is 
accomplished,  partially,  by  the  agency  of  carbonate  of  potassium, 
and  finally  and  entirely  by  recently  burnt  quicklime.  In  operating 
on,  say,  one  pint,  1|  oz.  of  dried  carbonate  of  potassium  is  placed 
in  a  bottle  that  can  be  well  closed,  and  frequently  shaken  during 
two  days  with  the  spirit.  Meanwhile  about  half  a  pound  of  good 
quicklime,  if  not  already  at  hand,  is  made  from  10  or  12  oz.  of 
slaked  lime  by  heating  to  redness  in  a  covered  crucible  for  half  an 
hour.  The  spirit  having  been  decanted  from  the  denser  aqueous 
solution  of  carbonate  of  potassium  and  placed  in  a  quart  flask, 
retort,  or  tin  can,  the  lime,  as  soon  as  cold,  is  added,  and  the 
whole  occasionally  shaken  during  a  day.  The  vessel  is  now 
placed  in  a  saucepan  or  other  bath  containing  water,  quickly 
connected  with  a  condenser  (in  the  case  of  the  flask  or  can  by  a 
bent  tube  and  cork  previously  prepared  ;  for  absolute  alcohol 
must  not  be  exposed  to  air,  or  water  in  the  form  of  moisture  will 
be  rapidly  reabsorbed),  and  heat  applied  to  the  bath.  Eejecting 
the  first  ounce  or  ounce  and  a  half,  as  likely  to  contain  traces 
of  moisture  absorbed  from  the  air  or  apparatus,  continue  dis- 
tillation until  nothing  more  passes  over,  the  water  in  the  bath 
being  kept  just  below  the  boiling-point  (about  200°  E.).  These 
details  are  those  of  the  British  Pharmacoj)oeia.  Sp.  gr.  -7938. 
Boiling-point  173-6  Eahr. 

Tests, — There  are  no  specific  tests  for  alcohol  when  mixed  with 
complex  matters.  It  is,  however,  easily  isolated  and  concen- 
trated by  fractional  distillation,  and  is  then  recognizable  by  con- 
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joint  physical  and  chemical  characters.  Thus  its  odour  and  taste 
are  characteristic  ;  it  is  lighter  than  water,  volatile,  colourless, 
and,  when  tolerably  strong,  inflammable,  burning  with  an  almost 
non-luminous  flame  ;  it  readily  yields  aldehyd  (see  below) 
and  acetic  ether  (vide  Index),  each  of  which  has  a  characteristic 
odour ;  lastly,  in  presence  of  hot  acid,  alcohol  reduces  red  chro- 
mate  of  potassium  to  a  green  salt  of  chromium. 

According  to  Lieben,  1  of  alcohol  in  2000  of  water  can  be 
detected  by  adding  to  some  of  the  warmed  liquid  a  little  iodine, 
a  few  drops  of  solution  of  soda,  again  warming  gently,  and 
setting  aside  for  a  time  ;  a  yellowish  crystalline  deposit  of  iodo- 
form (CHIg)  is  obtained.  Under  the  microscope  the  latter  pre- 
sents the  appearance  of  hexagonal  plates  or  six-rayed  and  other 
varieties  of  stellate  crystals. 

C  JI3O  +  41^  +  G^^aHO  =  CHI3  +  JSTaCHO^  +  SJSTal  +  5H:p. 

Other  alcohols,  aldehyds,  gum,  turpentine,  sugar,  and  several 
other  substances  give  a  similar  reaction. 

Tests  of  plenty. — Oil  or  resin  is  precipitated  on  diluting  spirit 
of  wine  with  distilled  water,  giving  an  opalescent  appearance  to 
the  mixture.  The  specific  gravity  should  be  0*838.  Fusel  oil, 
aldehyd,  and  aldehydic  acid  are  detected  by  nitrate  of  silver 
{vide  Index,  ^'Alcohol,  test  for  purity  of).  Water  in  absolute 
alcohol  may  be  detected  by  adding  to  a  small  quantity  a  little 
highly  dried  sulphate  of  copper,  which  becomes  blue  (CuSO^, 
SH^O)  if  water  is  present,  but  retains  its  yellowish- white  anhy- 
drous character  (CuSO^)  if  water  be  absent. 

Aldehyd  (C^H^O). — Place  together,  in  a  capacious  test-tube 
or  a  flask,  spirit  of  wine,  black  oxide  of  manganese,  sulphuric 
acid,  and  water,  and  gently  warm  the  mixture ;  aldehyd  (aZcohol 
c?g%«irogenatus),  a  highly  volatile  liquid,  is  immediately  formed, 
and  its  vapour  evolved,  recognized  by  its  peculiar,  somewhat 
fragrant  odour.  Adapt  a  cork  and  rather  long  bent  tube  to  the 
test-tube,  and  let  some  of  the  aldehyd  slowly  distil  over  into 
another  test-tube,  the  condensing- tube  being  kept  as  cool  as 
possible.  Set  the  distillate  aside  for  a  day  or  two ;  the  aldehyd 
will  have  nearly  all  disappeared,  and  acetic  acid  be  found  in  the 
tube.    Test  the  exposed  liquid  by  litmus-paper ;  it  will  be  found 
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to  have  an  acid  reaction  :  make  it  slightly  alkaline  by  a  drop  or 
two  of  solution  of  carbonate  of  sodium,  then  boil  to  remove  any 
alcohol  and  aldehyd  present^  add  sulphuric  acid,  and  notice  the 
characteristic  odour  of  the  acetic  acid  evolved. 

These  experiments  will  enable  the  process  of  acetification  de- 
scribed in  connexion  with  acetic  acid  to  be  more  fully  understood. 
Pure  diluted  alcohol  is  not  oxidized  by  exposure  to  air ;  but  in 
presence  of  fermentive  matter,  or  vegetable  matter  undergoing 
decay  or  change,  it  is  oxidized  first  to  aldehyd  and  then  to  acetic 
acid. 

In  the  above  process  the  black  oxide  of  manganese  and  sul- 
phuric acid  furnish  nascent  oxygen : — 

MnO^    +    H^SO^    ==    MnSO,    +    0    +  H,0 

Black  oxide  Sulphuric  Sulphate  of         Oxygen  Vf  ater. 

of  manganese.  acid.  manganese.  (atom). 

The  nascent  oxygen  then  acts  on  the  alcohol,  just  as  the  oxygen 
of  the  air  acts  on  the  alcohol  in  fermented  infusion  of  malt,  beer, 
or  wine,  giving  aldehyd: — 

C.H^O    -f    0    =    C^H^O    +  Hp 

Alcohol.  Oxygen  Aldehyd.  Water, 

(atom). 

The  aldehyd  rapidly,  even  when  pure  (more  rapidly  when  impure), 
absorbs  oxygen  and  yields  acetic  acid : — 

2C,H,0    +    0,    =  2C,H,0, 

Aldehyd,  Oxygen,  Acetic  acid. 

Tests. — Aldehyd  heated  with  solution  of  potash  gives  a  brown- 
ish-yellow resinous  mass  of  peculiar  odour.  Its  aqueous  solution 
reduces  salts  of  silver,  giving  a  mirror-like  coating  to  the  sides  of 
a  test-tube, 

Spirit  of  French  Wine  (Spiritus  Vini  Gallici^  B.  P.)  or  Brandy 
is  a  coloured  and  flavoured  variety  of  alcohol  distilled  from  Erench 
wine.  Its  colour  is  that  of  light  sherry,  and  is  derived  from  the 
cask  in  which  it  has  been  kept,  but  is  commonly  deepened  by  the 
addition  of  burnt  sugar.  Its  taste  is  due  to  the  volatile  flavour- 
ing constituent  of  the  wine,  often  increased  by  the  addition  of 
artificial  essences. 


OXIDE  OF  ETHYL. 


479 


QUESTIONS  AND  EXEECISES. 

751.  Write  a  few  sentences  on  the  formation,  purification,  and 
concentration  of  alcohol,  and  explain  the  difference  between  Rec- 
tified Spirit,  Proof  Spirit,  and  Absolute  Alcohol. 

752.  What  quantity  of  water  must  be  added  to  one  gallon  of 
spirit  of  wine,  56  degrees  over  proof,  to  convert  it  into  proof  spirit  ? 

753.  To  what  volume  must  5  pints  of  spirit  of  wine  of  53 
degrees  be  diluted  before  it  becomes  proof  spirit  ? — Ans.  7  pints, 
13  ounces. 

7 54.  State  the  specific  gravity  of  proof  spirit. 

755.  Show  how  the  formula  of  alcohol  is  obtained  from  its 
centesimal  composition: — Carbon,  52-174;  Hydrogen,  13*043; 
Oxygen,  34-783  =  100-000. 

756.  Give  the  formulae  of  some  of  the  salts  of  ethyl. 

7 57.  By  what  processes  may  pure  hydrate  of  ethyl  l3e  obtained  ? 

758.  Enumerate  the  characters  of  alcohol. 

759.  Mention  a  chemical  test  to  distinguish  rectified  spirit 
from  absolute  alcohol. 

760.  From  the  formula  of  aldehyd  calculate  back  its  composi- 
tion in  100  parts. 

761.  What  is  the  relation  of  aldehyd  to  alcohol  and  to  acetic  acid? 

7 62.  Whence  is  brandy  obtained  ?  and  to  what  are  due  its 
colour  and  flavour  ? 


ETHEE,  OE  OXIDE  OF  ETHYL. 

Formula  C^H^qO,  or  (C^II.)^O,  or  Et^O. 
Experimental  Process. — Into  a  capacious  test-tube  put  a  small 
quantity  of  spirit  of  wine  and  about  half  its  bulk  of  sulphuric 
acid,  mix,  and  gently  warm ;  the  vapour  of  ether,  recognized  by 
its  odour,  is  evolved.  Adapt  a  cork  and  long  bent  tube  to  the 
test-tube  and  slowly  distil  over  the  ether  into  another  test-tube. 
Half  the  original  quantity  of  alcohol  now  placed  in  the  gene- 
rating-tube  will  again  give  ether;  and  this  operation  may  be 
repeated  many  times. 

On  the  larger  scale,  and  according  to  the  following  official  process 
{JEther,  B.  P.),  the  addition  of  alcohol^  instead  of  being  inter- 
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mitting,  is  continuous,  a  tube  conveying  alcohol  from  a  reservoir 
into  the  generating- vessel.  Mix  10  fluid  ounces  of  sulphuric  acid 
with  12  fluid  ounces  of  rectified  spirit  in  a  glass  retort  or  flask 
capable  of  containing  at  least  two  pints,  and,  not  allowing  the 
mixture  to  cool,  connect  the  retort  or  flask,  by  means  of  a  bent 
glass  tube,  with  a  Liebig's  condenser,  and  distil  with  a  heat  suffi- 
cient to  maintain  the  liquid  in  brisk  ebullition.  (If  a  thermo- 
meter also  be  inserted  in  the  tubulure  of  the  retort  or  through 
the  cork  of  the  flask,  the  temperature  may  be  still  more  carefully 
regulated— between  284°  and  290°  F.)  As  soon  as  the  ethereal 
fluid  begins  to  pass  over,  supply  fresh  spirit  in  a  continuous 
stream,  and  in  such  quantity  as  to  about  equal  the  volume  of  the 
fluid  which  distils.  JFor  this  purpose  use  a  tube  furnished  with 
a  stopcock  to  regulate  the 
supply,  as  shown  in  fig.  49, 
connecting  one  end  of  the 
tube  with  a  vessel  containing 
the  spirit  supported  above 
the  level  of  the  retort  or  flask, 
and  passing  the  other  end 
through  the  cork  of  the 
retort  or  flask  into  the 
liquid.  "When  a  total  of  50 
fluid  ounces  of  spirit  has 
been  added,  and  42  fluid 
ounces  of  ether  have  distilled 
over,  the  process  may  be 
stopped. 

To  partially  purify  the  liquid,  dissolve  10  ounces  of  chloride 
of  calcium  in  13  ounces  of  water,  add  half  an  ounce  of  lime,  and 
agitate  the  mixture  in  a  bottle  with  the  impure  ether.  Leave 
the  mixture  at  rest  for  ten  minutes,  pour  off  the  light  supernatant 
fluid,  and  distil  it  with  a  gentle  heat  until  a  glass  bead  of  specific 
gravity  0*735  placed  in  the  receiver  begins  to  float.  The  ether 
and  spirit  retained  by  the  chloride  of  calcium  and  by  the  residue 
of  each  rectification  may  be  recovered  by  distillation  and  used  in 
a  subsequent  operation. 

^applanation  of  Process. — On  the  addition  of  sulphuric  acid  to 
alcohol  in  equal  volumes,  one  molecule  of  each  react  and  give  a 
molecule  of  sulphethylic  acid  and  one  of  water  : — 


Preparation  of  Ether. 


EtHO    -h    H^SO,    =  EtHSO, 


Alcohol. 


Sulphuric 
acid. 


Sulphethylic 
acid. 


+  H,0 

Water. 
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More  alcohol  then  gives  ether  and  sulphuric  acid  by  the  reaction 
of  one  molecule  of  the  alcohol  on  one  of  sulphethylic  acid  : — 

EtHO    +    EtHSO^    =    Et^O    +  H^SO^ 

Alcohol.  Sulphethylic  Ether,  Sulphuric 

acid.  acid. 

The  water  of  the  first  reaction  and  the  ether  of  the  second  distil 
over,  while  the  sulphuric  acid,  as  fast  as  liberated,  is  attacked  by 
alcohol  and  reconverted  into  sulphethylic  acid, 

EtHO    +    H^SO^    =    EtHSO^    +  H,0 

Alcohol.  Sulphuric  Sulphethylic  Water, 

acid,  (ethylsulphuric) 
acid. 

SO  that  the  sulphuric  acid  originally  employed  finally  remains  in 
the  retort  in  the  form  of  sulphethylic  acid.  The  effect,  however, 
of  a  small  quantity  of  sulphuric  acid  in  thus  converting  a  large 
quantity  of  alcohol  into  ether  is  limited,  secondary  reactions 
occurring  to  some  extent  after  a  time. 

Properties. — Pure  ether  is  gaseous  at  temperatures  above 
95°  E. ;  hence  the  condensing-tubes  employed  in  its  distillation 
must  be  kept  as  cool  as  possible.  At  all  ordinary  temperatures 
it  rapidly  evaporates,  absorbing  much  heat  from  the  surface  on 
which  it  is  placed.  A  few  drops  evaporated  consecutively  from 
the  back  of  the  hand  produce  great  cold;  if  blown  in  the  form 
of  spray,  the  cooling  effect  is  so  rapid  and  intense  as  to  produce 
local  anaesthesia.  Its  vapour  is  very  heavy,  more  than  twice 
and  a  half  that  of  air,  and  nearly  forty  times  that  of  hydrogen 
(K^=2 ;  C^I[jqO  =  74;  or  as  1  to  37),  In  a  still  atmosphere, 
therefore,  it  will  flow  a  considerable  distance  along  a  table  or 
floor  before  complete  diftusion  occurs  :  the  vapour  is  also  highly 
inflammable ;  hence  the  importance  of  keeping  candle  and  other 
flames  at  a  distance  during  manipulations  with  ether. 

Purification. — To  imitate  the  process  of  partial  purification 
above  described  add  to  the  small  quantity  of  ether  obtained  in 
the  foregoing  operation  a  strong  solution  of  chloride  of  calcium 
and  a  little  slaked  lime ;  the  latter  absorbs  any  sulphurous  acid 
that  may  have  been  produced  by  secondary  decompositions,  while 
the  former  absorbs  water ;  on  shaking  the  mixture  and  then 
setting  aside  for  a  minute  or  two,  the  ether  will  be  found  floating 
on  the  surface  of  the  solution  of  chloride  of  calcium. 

Y 
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This  ether,  redistilled  until  the  distillate  has  a  sp.  gr.  not 
higher  than  0*735,  and  boiling-point  not  higher  than  105°  P.,  is 
the  ether  of  the  British  Pharmacopoeia.  It  still  contains  about 
8  per  cent,  of  alcohol.  The  latter  may  be  removed  by  well 
shaking  the  ether  with  half  of  its  bulk  of  water,  setting  aside, 
separating  the  floating  ether  and  again  shaking  it  with  water ; 
alcohol  is  thus  washed  out.  This  washed  ether  containing  water 
(for  water  and  ether  are  to  some  extent  soluble  the  one  in  the 
other ;  fifty  measures  of  ether  agitated  with  an  equal  volume  of 
water  are  reduced  to  forty-five  measures)  is  next  placed  in  a 
retort  with  solid  chloride  of  calcium  and  a  little  caustic  lime, 
and  once  more  distilled ;  pure  dry  ether  {JEther  Purus,  B.  P.) 
results.    Sp.  gr.  not  exceeding  0*720. 

Spiritus  JEtheris,  B.  P.,  is  a  mixture  of  common  ether  (^JEther, 
B.  P.)  with  twice  its  bulk  of  rectified  spirit. 

NITEOUS  ETHEE,  OE  NITEITE  OF  ETHYL. 

Formula  C.H.J^O,  or  Etl^O^. 

Process. — To  a  third  of  a  test-tubeful  of  rectified  spirit  add 
about  a  tenth  of  its  bulk  of  sulphuric  acid,  rather  more  of  nitric 
acid,  and  some  copper  wire  or  turnings,  and  warm  the  mixture ; 
as  soon  as  ebullition  commences,  the  vapour  of  nitrous  ether  is 
evolved,  recognized  by  its  odour.  A  long  bent  tube,  kept  cool, 
may  be  adapted  by  a  perforated  cork  to  the  test-tube,  and  thus 
a  few  drops  of  impure  nitrous  ether  be  condensed  and  collected. 

Tlie  above  process  conducted  on  a  larger  scale,  with  definite 
quantities  of  materials,  temperature  regulated  by  a  thermometer, 
and  a  well-cooled  condenser,  etc.  (see  page  132),  is  the  official 
(Redwood's)  process  for  the  preparation  of  a  concentrated  solu- 
tion of  nitrous  ether  in  spirit ;  diluted  with  nearly  three  times  its 
bulk  of  rectified  spirit  it  forms  the  "  sweet  spirit  of  nitre  "  {Sjpi- 
ritus  JEtheris  Nitrosi,  B.  P.)  of  pharmacy. 

Take  of 

Mtric  Acid    3  fluid  ounces, 

Sulphuric  Acid   2  fluid  ounces, 

Copper,  in  fine  wire  (about  ^o,  25)  2  ounces, 
Eectified  Spirit   a  sufliciency. 
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^'  To  one  pint  of  the  spirit  add  gradually  the  siilphnric  acid, 
stirring  them  together ;  then  add,  in  the  same  way,  two  and  a 
half  fluid  ounces  of  the  nitric  acid.  Put  the  mixture  into  a  re- 
tort or  other  suitable  apparatus,  into  which  the  copper  has  been 
introduced,  and  to  which  a  thermometer  is  fitted.  Attach  now 
an  efficient  condenser,  and,  applying  a  gentle  heat,  let  the  spirit 
distil  at  a  temperature  commencing  at  170°  P.  and  rising  to  175°, 
but  not  exceeding  180°,  until  12  fluid  ounces  have  passed  over 
and  been  collected  in  a  bottle  kept  cool,  if  necessary,  with  ice- 
cold  water;  then  withdraw  the  heat,  and,  having  allowed  the 
contents  of  the  retort  to  cool,  introduce  the  remaining  half 
ounce  of  nitric  acid,  and  resume  the  distillation  as  before,  until 
the  distilled  product  has  been  increased  to  15  fluid  ounces. 
Mix  this  with  two  pints  of  the  rectified  spirit,  or  as  much  as  will 
make  the  product  correspond  to  the  tests  of  specific  gravity  and 
percentage  of  liquid  separated  by  chloride  of  calcium  {vide  infra). 
Preserve  it  in  well-closed  vessels." 

Disregarding  secondary  products  (including  much  aldehyd), 
the  following  equation  probably  represents  decompositions  that 
occur  in  the  operation.  The  main  point  in  the  reaction  is  the 
reduction  of  the  nitric  to  the  nitrous  radical  by  the  indirect 
agency  of  the  copper. 

EtHO  +  +  H,SO^  +  Cu  =  EtFO,  +  211^0  +  CuSO, 

Alcohol.         Nitric        Sulphuric     Copper.      Nitrous         Water.      Sulphate  of 
acid.  acid.  ether.  copper. 

Properties. — Spirit  of  Mtrous  Ether  is  transparent  and  nearly 
colourless,  with  a  very  slight  tinge  of  yellow,  mobile,  inflammable, 
of  a  peculiar  penetrating  apple-like  odour,  and  sweetish  cooling- 
sharp  taste.  Specific  gravity  0-845.  It  eff'ervesces  feebly,  or  not 
at  all,  when  shaken  with  a  little  bicarbonate  of  soda  "  (showing 
absence  of  appreciable  quantities  of  free  nitrous,  acetic,  or  other 
acids).  The  aldehyd  in  it  may  be  detected  by  the  potash  test  (see 
p.  478). 

Test. — The  nitrous  radical  may  be  detected  by  adding  sulphate 
of  iron  and  sulphuric  acid  to  some  of  the  spirit  of  nitrous  ether, 
a  brown  or  black  compound  being  produced,  already  explained  in 
connexion  with  nitric  acid. 

Test  of  strength.— To  some  of  the  official  Spirit  of  Mtrous 

Ether  add  twice  its  bulk  of  a  saturated  solution  of  chloride  of 

calcium  and  mix  the  liquids  ;  on  setting  aside^  nitrous  ether  will 

y2 
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rise  to  the  surface.  If  the  spirit  of  nitrons  ether  be  of  official 
strength,  not  less  than  2  per  cent,  of  its  volume  will  thus  sepa- 
rate, indicating  the  presence  of  10  per  cent,  of  the  ether,  8  per 
cent,  being  said  to  be  still  in  solution.  A  graduated  tube  is 
obviously  most  convenient  for  this  experiment. 

Acetic  Ether,  or  Acetate  of  Ethyl. 

To  a  little  dried  acetate  of  sodium,  in  a  test-tube,  add  a  small 
quantity  of  rectified  spirit  of  wine  and  some  sulphuric  acid,  and, 
adapting  a  long  bent  tube  in  the  usual  manner,  heat  the  test-tube 
and  so  distil  over  acetic  ether — which  may  be  collected  in  another 
test-tube  kept  cool  by  partial  immersion  in  cold  water. 

The  official  proportions  {J]!tlier  Aceticus^  E.  P.)  are  8  parts  of 
dried  acetate  of  sodium,  5  of  spirit,  and  10  of  acid.  It  is  purified 
from  any  water  by  shaking  in  a  bottle  with  fused  chloride  of  cal- 
cium, and,  after  twenty-four  hours,  rectifying.  Sp.  gr.  0-910. 
Eoiling-point  166°  P." 

0,2,110  + ]SraC,Il30,  +  H^SO,  =  C,KC,H30,  ]^aHSO,-l-H,0. 

Hydrate  of        Acetate  of       Sulphate  of         Acetate  of  Sulphate  of  Water, 

ethyl.  sodium.  hydrogen.  ethyl.  sodium  and 

hydrogen. 

Iodide  of  Ethyl  (EtI)  may  be  prepared  by  mixing  amorphous 
phosphorus  with  absolute  alcohol  and  then  adding  iodine. 

5EtII0    -f-    PI,    =    5EtI    -h    H3P0^    +  H,0 

Alcohol.  Iodide  of         Iodide  of  Phosphoric  Water, 

phosphorus.  ethyl.  acid. 

The  reaction  at  first  proceeds  rapidly,  and  is  complete  after  the 
mixture  has  been  set  aside  for  a  few  hours.  The  iodide  of  ethyl 
may  then  be  isolated  by  careful  distillation,  freed  from  any 
excess  of  iodine  by  washing  with  a  very  small  quantity  of  solu- 
tion of  potash  or  soda,  washed  with  water,  dried  over  chloride  of 
calcium,  and  again  distilled.  It  should  be  kept  in  a  dark  place, 
as  light  favours  decomposition  and  liberation  of  iodine. 

Ethyl. — This  gaseous  radical,  (C^'R^\  or  Et^,  is  obtained  on 
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digesting  together  at  about  250°  F.,  in  a  strong  sealed  tube^  dry 
freshly  granulated  zinc  with  iodide  of  ethyl  (Frankland). 

Zn    +    2EtI    =    Znl^    +  Et^ 

Zinc.  Iodide  of  Iodide  of  Ethyl, 

ethyl.  zinc. 

On  cautiously  opening  the  tube  the  ethyl  escapes,  and  may  be 
ignited  or  collected  over  water.  There  remains  with  the  iodide 
of  zinc  a  body  termed  by  Frankland  zinc- ethyl  (ZnEt^)  ;  it  is  a 
spontaneously  inflammable  liquid,  but  may  easily  be  distilled  and 
otherwise  manipulated  if  a  few  simple  precautions  be  observed. 
If  water  be  allowed  to  flow  down  the  tube,  the  solid  compound  of 
iodide  of  zinc  and  zinc-ethyl  will  be  decomposed,  a  gas,  hydride 
of  ethyl  (EtH),  resulting,  which  also  may  be  inflamed  or  collected 
over  water : — 

ZnEfc,    +    2H^0    =    Zn2H0    -f  2EtH. 


QUESTIONS  AITO  EXEECISES. 

763.  Describe  the  oflicial  process  for  the  preparation  of  Ether, 
giving  equations. 

764.  Offer  a  physical  explanation  of  the  mode  of  producing 
local  anaesthesia. 

7 65.  How  is  commercial  ether  purified  ? 

766.  Explain  Eedwood's  process  for  the  preparation  of  "  sweet 
spirit  of  nitre." 

767.  Give  the  properties  of  spirit  of  nitrous  ether. 

768.  Ey  what  method  is  the  strength  of  "  sweet  spirit  of 
nitre  "  estimated? 

769.  How  is  iodide  of  ethyl  made? 

770.  Adduce  evidence  of  the  existence  of  ethyl. 


OTHER  ALCOHOL  RADICALS  AND  THEIR  SALTS. 

What  has  been  stated  concerning  the  chemistry  of  ethyl  and 
its  compounds  may  be  applied  to  other  radicals  known  to  exist, 
some  of  the  compounds  of  each  of  which  are  of  common  occur- 
rence.   These  basylous  radicals  are  closely  related  to  each  other, 
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to  hydrogen,  and  to  the  metals.  Their  formulae  (in  the  combined 
state)  may  be  built  up  by  successive  additions  of  CH^,  thus : — 


The  above  list  is  an  illustration  of  an  liomologous  series  (from 
ofxos,  liomos,  the  same,  and  \6yos,  logos,  proportion)  of  compounds. 
It  will  be  observed  that  the  relation  of  the  number  of  hydrogen 
atoms  to  carbon  is  twice  as  many  with  one  added ;  hence  the 
series  is  often  termed  the  Q,^2n-^^  series  (n=any  number).  The 
oxides  of  these  radicals  are  known  as  ethers^  their  hydrates 
alcohols,  their  compounds  with  the  acetic  and  similar  acidulous 
radicals  ethereal  salts.  Every  alcohol  furnishes  a  body  corre- 
sponding to  the  aldehyd  of  spirit  of  wine,  the  class  being  termed 
aldehyds ;  each  also  yields  an  acid  corresponding  with  acetic 
acid.  Any  one  of  these  classes  constitutes  an  homologous  series. 
Or,  taking  the  hydride,  oxide,  hydrate,  acid,  of  any  single  radical, 
we  get  a  heterologous  (erepos,  heteros,  another)  series  of  compounds. 
Hydride  of  methyl  (MeH  or  CH^H)  is  ordinary  marsh-gas,  fire- 
damp, or  light  carhuretted  hydrogen ;  it  is  a  diluent  or  non-lumi- 
niferous  constituent  of  ordinary  coal-gas  to  the  extent  of  30  to  40 
per  cent.* ;  formic  acid,  the  acid  of  the  methyl  series  ;  hutyric 
acid,  the  acid  of  the  butyl  series ;  sulphocyanate  of  hutyl,  the 
essential  oil  of  horseradish ;  valerianic  acid,  the  acid  of  the  amyl 
series. 

^  Coal-gas. — The  other  diluents,  or  vehicles  for  the  conveyance  of  illumi- 
nating vapours,  of  coal-gas  are  hydrogen  (40  to  50  per  cent.)  and  carbonic 
oxide  (6  to  7  per  cent.).  The  ihuminating  constituents  are  olefiant  gas 
(p.  502)  and  its  homologues,  existing  to  the  extent  of  from  5  to  7  per  cent. 
Hydrocarbons  normally  fluid  but  kept  in  the  vaporous  condition  by  the 
diluents  also  contribute  materially  to  the  illuminating  power  of  gas.  The 
impurities  are  nitrogen,  air,  carbonic  acid,  bisulphide  of  carbon  CS^  (a  vola- 
tile liquid  easily  made  from  its  elements  and  rendered  almost  scentless  by 
digesting  with  copper  turnings),  and  other  badly  smelling  sulphur  com- 
pounds. Upwards  of  fifty  distinct  chemical  substances  have  been  obtained 
from  the  solid  liquid  and  gaseous  products  of  the  destructive  distillation  of 
coal. 


Hydrogen  

Methyl   

Ethyl  

Propyl  (or  Trityl)  .• 
Butyl  (or  Tetryl)  ., 

Amyl  

Caproyl  (or  Hexyl) 


H 


CH,,  or  Me 
C^TL.,  orEt 
orPr 
C,H,,  orBu 
CgH^,,  or  Ay 
CJI^.^,  orCp 
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Homologous  and  Heterologous  Series  of  the  C,jH2,j^i  Radicals. 


Eadicals. 
(Free.) 

Hydrides. 

Oxides 
(or  ethers). 

Hydrates 
(or  alcohols). 

Aldehyds. 

Acids. 

(a,H,), 

&c. 

CH3H 

C,H,H 
ClH^H 

(CH,),0 
(CA),0 
(C3H,),0 

&c. 

CH.^HO 
C3H,H0 

'  &c. 

CH,0? 
&c. 

C.H,0, 
&c. 

QUESTIOI^S  AND  EXERCISES. 

771.  Mention  several  radicals  homologous  with  ethjl^  and  give 
their  formulae. 

772.  Define  ethers,  hydrides,  alcohols,  ethereal  salts,  aldehyds. 

773.  What  is  the  difference  between  homologous  and  hetero- 
logous series  ? 

774.  Give  the  systematic  name  oi fire-damp. 

775.  Enumerate  the  chief  constituents  of  coal-gas. 

776.  State  the  formuli3e  of  formic,  butyric,  and  valerianic  acids. 

777.  Write  the  formulae  of  butyl,  its  hydride,  ether,  alcohol, 
aldehyd,  and  acid. 


METHYLIC  ALCOHOL. 

Methylic  Alcohol  (CII3HO,  or  MeHO),  Wood-Sipeit,  or  Py- 
EOXYLic  Spieit,  or  Wood-]N"aphtha,  is  a  product  of  the  destructive 
distillation  of  woode  Spirit  of  wine  containing  10  per  cent,  of 
wood-spirit  constitutes  ordinary  methylated  sj)i7'it,  a  spirit  issued 
duty  free,  for  the  use  of  manufacturers,  the  methylic  alcohol  not 
interfering  with  technical  applications.  Erom  its  nauseous  taste 
and  odour,  however,  it  cannot  take  the  place  of  gin,  brandy,  or 
other  spirit ;  hence,  while  industry  is  benefited,  intemperance  is 
discouraged  and  the  revenue  not  injured. 

Detection  of  Methylic  Alcohol  in  presence  of  Ethylic  Alcohol. — 
Three  or  four  methods  have  been  proposed  for  the  detection  of 
methylated  spirit  in  various  liquids ;  that  open  to  least  objection  is 
by  J.  T.  MiHer.    Eor  the  application  of  the  test  to  tinctures  and 


488  ALCOHOL  AND  ALLIED  BODIES. 

similar  spirituous  mixtures,  some  of  the  spirit  is  first  separated 
by  distilling  off  a  drachm  or  so  from  about  half  an  ounce  of  the 
liquid  placed  in  a  small  flask  or  test-tube  having  a  long  bent 
tube  attached.  Into  a  similar  apparatus  put  30  grains  of  pow- 
dered red  chromate  of  potassium,  half  an  ounce  of  water,  25 
minims  of  strong  sulphuric  acid,  and  30  or  40  minims  of  the 
spirit  to  be  tested.  Set  the  mixture  aside  for  a  quarter  of  an 
hour  and  then  distil  nearly  half  a  fluid  ounce.  Place  the  distillate 
in  a  small  dish,  add  a  very  slight  excess  of  carbonate  of  sodium, 
boil  down  to  about  a  quarter  of  an  ounce,  add  enough  acetic  acid 
to  impart  a  distinct  but  feeble  acid  reaction,  pour  the  liquid  into 
a  test-tube,  add  a  grain  of  nitrate  of  silver  dissolved  in  about  30 
drops  of  water,  and  heat  gently  for  a  couple  of  minutes.  If  the 
liquid  then  merely  darkens  a  little,  but  continues  quite  trans- 
lucent, the  spirit  is  free  from  methylic  alcohol ;  but  if  a  copious 
precipitate  of  dark-brown  or  black  metallic  silver  separates,  and 
the  tube,  after  being  rinsed  out  and  filled  with  clean  water,  has 
a  distinct  film  of  silver,  which  appears  brown  by  transmitted 
light  (best  seen  by  holding  it  against  white  paper),  the  spirit  is 
methylated. 

Explanation. — This  test  depends  for  its  action  on  the  reducing- 
powers  of  formic  acid.  In  the  above  operation  the  ethylic  alcohol 
becomes  oxidized  to  acetic  acid  (the  natural  acid  of  the  ethyl 
series),  which  does  not  reduce  silver  salts,  a  minute  quantity  only 
of  formic  acid  being  produced,  while  the  methylic  alcohol  yields 
formic  acid  (the  natural  acid  of  the  methyl  series)  in  a  compara- 
tively large  quantity.  Aldehyd,  which  is  also  a  reducing  agent, 
is  simultaneously  produced,  but  removed  in  the  subsequent  ebul- 
lition with  carbonate  of  sodium. 

Methylated  Sweet  Spirit  of  Nitre. — The  preparation  of  spirit  of 
nitrous  ether  from  methylated  spirit  is  illegal  in  Great  Britain, 
but,  nevertheless,  occasionally  practised.  For  the  detection  of 
methylic  alcohol  in  this  liquid,  Mr.  Miller  suggests  the  following 
modification  of  the  above  process. 
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Shake  about  an  ounce  of  the  sample  with  20  or  30  grains  of 
anhydrous  carbonate  of  potassium,  and,  if  needful,  add  fresh 
portions  of  the  salt  until  it  ceases  to  be  dissolved,  then  pour  off 
the  supernatant  spirit.  This  serves  to  neutralize  acid  and  to 
remove  water ^  in  which  some  samples  are  remarkably  rich.  In- 
troduce half  a  fluid  ounce  of  the  spirit  into  a  small  flask ;  add 
150  grains  of  anhydrous  chloride  of  calcium  in  powder,  and  stir 
well  together ;  then,  having  connected  the  flask  with  a  condenser, 
place  it  in  a  bath  of  boiling  water,  and  distil  a  fluid  drachm  and 
a  half,  or  continue  the  distillation  until  scarcely  any  thing  more 
comes  over.  The  operation  is  rather  slow,  but  needs  little  atten- 
tion, and  should  be  done  thoroughly.  The  distillate  contains 
nearly  the  whole  of  the  nitrous  ether  and  other  interfering  sub- 
stances, while  in  the  retort  there  remains  a  non-volatile  com- 
pound of  chloride  of  calcium  and  methylic  alcohol,  if  the  latter 
be  present.  JN'ow  add  to  the  contents  of  the  flask  a  fluid  drachm 
of.  water,  which  decomposes  the  compound  just  referred  to,  and 
draw  over  the  half  drachm  of  spirit  required  for  testing.  Add  it 
to  the  usual  oxidizing  solution  composed  of  30  grains  of  red 
chromate  of  potassium,  25  minims  of  strong  sulphuric  acid,  and 
half  an  ounce  of  water ;  let  the  mixture  stand  a  quarter  of  an 
hour,  then  distil  half  a  fluid  ounce.  Treat  the  distillate  with  a 
slight  excess  of  carbonate  of  sodium,  boil  rapidly  down  to  two 
fluid  drachms,  and  drop  in,  cautiously,  enough  acetic  acid  to  im- 
part a  faint  acid  reaction ;  pour  the  liquor  into  a  test-tube  about 
three  quarters  of  an  inch  in  diameter ;  add  two  drops  of  diluted 
acetic  acid,  B.  P.,  and  one  grain  of  nitrate  of  silver  in  half  a 
drachm  of  pure  water ;  apply  heat,  and  boil  gently  for  two 
minutes.  If  the  spirit  is  free  from  methylic  alcohol  the  solution 
darkens  and  often  assumes  transiently  a  purplish  tinge,  but  con- 
tinues quite  translucent,  and  the  test-tube,  after  being  rinsed  out 
and  filled  with  water,  appears  clean  or  nearly  so.    Eut  if  the 

spirit  contains  only  1  per  cent,  of  methylic  alcohol  the  liquid 

t5 
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turns  first  brown,  then  almost  black  and  opaque,  and  a  film  of 
silver,  which  is  brown  by  transmitted  light,  is  deposited  on  the 
tube.  "When  the  sample  is  methylated  to  the  extent  of  3  or  4 
per  cent.,  the  film  is  sufficiently  thick  to  form  a  brilliant  mirror. 
To  insure  accuracy,  the  experiments  should  be  performed  by 
daylight. 

CHLOEOFOEM. 

Formula  CHCI3. 

Process. — Should  the  necessary  appliances  be  at  hand,  a  small 
quantity  of  this  liquid  may  easily  be  prepared  by  the  official 
process.  One  fluid  ounce  and  a  half  of  spirit  and  24  of  w^ater 
are  placed  in  a  retort  or  flask  of  at  least  a  quart  capacity  ;  8  oz. 
of  chlorinated  lime  and  4  of  slaked  lime  are  added,  the  vessel 
connected  with  a  condenser,  and  the  mixture  heated  until  distil- 
lation commences,  the  source  of  heat  then  being  withdrawn. 
The  condensed  liquid  should  fall  into  a  small  flask  containing 
water,  at  the  bottom  of  which  about  a  drachm  of  chloroform  will 
slowly  collect. 

Explanation  of  Process. — The  hypochlorite  of  calcium  (Ca2C10) 
believed  to  be  present  in  the  chlorinated  lime  (see  remarks  in 
connexion  with  the  latter,  p.  116)  readily  yields  up  oxygen  and 
chlorine  to  organic  substances,  the  calcium  being  liberated  as 
hydrate,  4(Ca2C10)  +  4H,0=4(Ca2H0)+20,+4Cl,.  The  alco- 
hol used  in  making  chloroform  is  thus  probably  first  reduced  to 
aldehyd : — 

2C,H,0  +  0,  =  2C,H,0  + 

Alcohol.         Oxygen.       Aldehyd.  Water. 

The  action  of  chlorine  on  aldehyd  then  probably  gives  chloral 
(chJor-aldehyd) : — 

C^Hp  +  3C1,  =  C^HClgO  +  3HC1 

Aldehyd.        Chlorine.  Chloral.      Hydroehl.  acid. 

The  hydrochloric  acid  being  at  once  neutralized  by  some  of  the 
liberated  hydrate  of  calcium  to  form  chloride  of  calcium  and 
water,  more  freed  hydrate  of  calcium  and  chloral  give  formate 
of  calcium  and  chloroform. 
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2C,HCl30  +  Ca2H0  =  Ca2CH0^  +  2CHCI3 

Chloral.  Hydrate  of  Formate  of  Chloroform, 

calciiun.  calcium. 

Or,  neglecting  the  probable  steps  in  the  process,  and  regarding 
only  the  materials  and  the  products,  4  molecules  of  alcohol  and 
8  of  hypochlorite  of  calcium  give  2  of  chloroform,  3  of  formate  of 
calcium,  5  of  chloride  of  calcium,  and  8  of  water,  thus  : — 

4C,II^0  +  8CaCip^  =  2CHCI3  +  3(Ca2CH0,)  +  5CaCl,  +  SH^ 

Alcohol.       Hypochlorite      Chloroform.         Formate  of         Chloride  of  Water, 
of  calcium.  calcium.  calcium. 

The  hydrate  of  calcium  placed  in  the  generating-vessels  is  not 
essential,  but  is  useful  in  preventing  secondary  decompositions, 
the  hydrate  of  calcium  obtainable  from  the  reaction  being  insuf- 
ficient for  this  purpose. 

Constitution. — Chloroform  is  sometimes  considered  to  be  the 
chloride  of  a  trivalent  radical  methenyl  (CH),  the  first  member 
of  a  series  C^.Hg^.i.  Glycerine  is  the  hydrate  of  another  member 
— glyceryl  ov  j^ropenyl,  C^H.  (p.  502). 

Chloroform  may  also  be  regarded  as  the  chloride  of  dichlor- 
methyl ;  it  may  be  formed  from  methylic  compounds,  thus  : — 

2CH^0  +  2(CaCl,,  CaCl^,)  =  2CHCI3  +  CaCl^SCaO  +  3H^0 

Methylic  Chlorinated  Chloroform.      Oxychloride  of  Water, 

alcohol.  lime.  calcium. 

Chlorine  converts  it  into  tetrachloride  of  carbon,  completing  a 
series  of  substitution  products  of  chloride  of  methyl. 

cIhIcI    cIhIcI     cjc^lci     cjcilci  or  CCl, 
[hJ  icij  [Clj  [Clj 

Chloride  of  Chloride  of  Chloride  of  Chloride  of  Tetrachloride 

methyl.      mono-chior-methyl.  di-clilor-methyl.   tri-chlor-methyl,        of  carbon. 

The  chloride  of  mono -chlor-m ethyl,  under  the  name  of  dichlo- 
ride  of  methylene,  has  been  used  as  an  anaesthetic.  It  may  be 
obtained  by  the  action  of  nascent  hydrogen  on  chloroform. 

Chloroform  is  purified  by  shaking  it  with  water  and  then  with 
pure  sulphuric  acid  (containing  no  trace  of  nitric  acid),  which 
chars  and  removes  hydrocarbons,  but  does  not  affect  chloroform. 
It  is  freed  from  any  trace  of  acid  by  agitation  with  lime,  and 
from  moisture  by  solid  chloride  of  calcium. 

Properties. — The  sp.  gr.  of  chloroform  is  1*497.  It  readily  and 
entirely  volatilizes  with  characteristic  odour  at  common  tempera- 
tures.   It  has  a  sweetish  taste,  is  limpid,  colourless,  soluble  in 
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alcohol  and  ether,  and  slightly  in  water,  but  burns  with  a  sluggish 


Aqua  Chloroformi,  B.  P.,  the  official  Chloroform  Water,  is 
made  by  shaking  1  fluid  drachm  of  chloroform  with  25  ounces  of 
distilled  water  till  dissolved. 

lonoFOKM  (CHIg),  analogous  in  constitution  to  chloroform,  the 
iodine  occupying  the  place  of  the  chlorine,  is  made  by  mixing  in 
a  retort  2  parts  of  carbonate  of  potassium,  2  parts  of  iodine,  1 
part  of  alcohol,  and  5  of  water,  heating  till  colourless,  and  then 
pouring  into  a  beaker  and  allowing  to  settle.  The  iodoform  is 
deposited  in  yellow  scales,  which  are  collected  on  a  filter,  washed 
thoroughly  with  water,  and  dried  between  filtering-paper. 

Iodoform  appears  in  the  shape  of  yellow,  shining,  six-sided 
scales.  It  is  volatile  at  ordinary  temperatures.  Almost  insoluble 
in  water,  but  more  so  in  alcohol. 


Process. — Pass  a  rapid  stream  of  dry  chlorine  into  pure  abso- 
lute alcohol  so  long  as  absorption  occurs.  During  the  first  hour 
or  two  the  alcohol  must  be  kept  cool,  afterwards  gradually 
warmed  till  ultimately  the  boiling-point  is  reached.  The  prepa- 
ration of  a  considerable  quantity  occupies  several  days.  The 
crude  product  is  mixed  with  three  times  its  volume  of  oil  of 
vitriol  and  distilled,  again  mixed  with  a  similar  quantity  of  oil  of 
vitriol  and  again  distilled,  and  finally  rectified  from  quicklime. 

The  formation  of  chloral  would  at  first  sight  seem  to  be  due  to 
the  production  from  the  alcohol  (0^11^0)  of  aldehyd  (C^H^O), 
through  the  removal  of  hydrogen  by  the  chlorine,  and  the  substi- 
tution of  chlorine  for  hydrogen  in  the  aldehyd  (C^H^O)  with  for- 
mation of  chlor-aldehyd  or  chloral  (C^HClgO).  But  the  reactions 
are  far  more  complicated,  being  somewhat  as  follows.  Aldehyd 
and  hydrochloric  acid  are  first  formed ;  these  with  some  of  the 


alcohol  give  monochlorinated  ether,  p  V^pi  \  0,  which  with  more 


chlorine  yields  tetrachlorinated  ether,  p^-o-pi  \  0,  and  this  in 


presence  of  water  furnishes  chloral,  some  alcohol,  and  hydro- 
chloric acid  (Wurtz  and  Yogt). 

Properties. — The  formula  of  chloral  is  CJIClfi.  It  is  a 
colourless  liquid,  of  oily  consistence.    Sp.  gr.  1*502.  Boiling- 


green  smoky  flame. 
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point  201°*2  r.  Its  vapour  has  a  penetrating  smell,  and  is  some- 
what irritating  to  the  eyes.  Mixed  with  water  heat  is  disen- 
gaged, and  solid  white,  crystallizable,  Jiyclrous  Moral,  or  what 
is  more  generally  though  somewhat  irregularly  termed  chloral 
liyclrate  (C^HCl^O,  H^O)  or  Hydrate  of  Chloral  (Chloral  Hydras^ 
E.  P.),  results.  The  latter  fuses  at  110^-8  and  boils  at  293°  F. 
It  sublimes  as  a  white  crystalline  powder.  Both  chloral  and 
chloral  hydrate  are  soluble  in  water,  alcohol,  ether,  and  oils. 
The  aqueous  solution  should  be  neutral,  and  give  no  reaction 
with  nitrate  of  silver.  Chloral  hydrate  is  said  sometimes  to 
undergo  a  spontaneous  change  into  an  opaque  white  isomeric 
modification,  insoluble  in  water,  alcohol,  or  ether,  but  convertible 
by  prolonged  contact  with  water  or  by  distillation  into  the 
ordinary  condition.  By  action  of  weak  alkalies  chloral  first 
yields  formate  of  the  alkali-metal  and  chloroform  : — 

C.HClgO    -h    KHO    =    KCHO,    +  CHCI3. 

Chloral,  or  rather  strong  aqueous  solution  of  chloral  hydrate 
(3  in  4),  injected  beneath  the  skin  yields  nascent  chloroform  by 
action  of  the  alkali  of  the  blood,  and  produces  narcotic  effects 
(Liebreich,  Personne).  Chloroform  itself  admits  of  similar  hypo- 
dermic use  (Eichardson).  If  administered  by  the  stomach,  thirty 
to  eighty  grains  of  solid  hydrate  are  required.  The  final  products 
of  the  reaction  of  the  chloroform  and  blood  are  formate  and 
chloride  of  sodium.  A  spirituous  solution  of  potash  effects  the 
same  transformation. 

CHCI3  +  4KH0  =  KCHO^  +  3KC1  -\-  2H^0. 
Solution  of  ammonia  and  moist  hydrate  of  calcium,  as  well  ^s 
weak  solutions  of  fixed  alkalies,  convert  hydrate  of  chloral  into 
formate  of  the  metal  and  chloroform.  The  reaction  with  the 
slaked  lime  being  especially  definite  and  complete  (Wood),  it  may 
be  employed  in  ascertaining  the  richness  of  a  sample  of  com- 
mercial chloral  hydrate  in  chemically  pure  chloral  hydrate. 
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2(C,HCl30,  H,0)  +  Ca2H0  =  2CHCI3  +  Ca2CH0,  +  2Hp. 
331  239 

Erom  the  foregoing  equation  and  molecular  weights  it  is 
obvious  that  100  grains  of  hydrate  of  chloral,  if  quite  dry,  will 
yield  by  distillation  with  30  grains  of  slaked  lime  and  an  ounce 
of  distilled  water  (in  a  small  flask  and  long  bent  tube  kept  cool 
by  moistened  paper)  72*2  grains  of  chloroform  by  weight,  or 
(the  sp.  gr.  of  chloroform  being  taken  at  1-497)  47*56  grains  by 
measure,  or  about  52  minims.  The  official  hydrate  of  chloral 
'^should  yield  not  less  than  70  grains  of  chloroform." 

Pure  Chloral  Hydrate. — Liebreich,  who  first  proposed  the  use 
of  chloral  hydrate,  gives  the  following  as  the  characteristics  of  a 
pure  article  : — Colourless,  transparent  crystals.  Does  not  decom- 
pose by  the  action  of  the  atmosphere,  does  not  leave  oily  spots 
when  pressed  between  blotting-paper,  affects  neither  cork  nor 
paper.  Smells  agreeably  aromatic,  but  a  little  pungent  when 
heated.  Taste  bitter  astringent,  slightly  caustic.  Seems  to 
melt  on  rubbing  between  the  fingers.  Dissolves  in  water  like 
candy  without  first  forming  oily  drops  ;  and  the  solution  is  neutral 
or  faintly  acid  to  test-paper.  Dissolves  in  bisulphide  of  carbon, 
petroleum,  ether,  water,  alcohol,  oil  of  turpentine,  etc.  Its  solu- 
tion in  chloroform  gives  no  colour  when  shaken  with  sulphuric 
acid.  Boiling-point  203°  to  205°  F.,  and  volatilizes  without 
residue.  Distilled  with  sulphuric  acid,  the  chloral  should  pass 
over  at  205°  to  207°  T.  Melting-point  133°  to  136°  P.,  again  soli- 
difying at  about  120°.  Gives  no  chlorine  reaction  on  treating  the 
solution  in  water  (acidulated  by  nitric  acid)  with  nitrate  of  silver. 

Impure  Chloral  Hydrate. — Yellowish,  cloudy.  Decomposes; 
leaves  spots  by  pressing  between  blotting-paper ;  decomposes 
corks  and  paper  of  the  packing.  Smells  pungent  and  irritating  ; 
on  opening  the  bottles  is  sticky  and  often  emits  fumes.  Taste 
strongly  caustic.    With  water  forms  oily  drops  or  is  partially 
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insoluble.  Boils  at  a  higher  temperature.  On  treating  it  with 
sulphuric  acid  turns  brown,  with  formation  of  hydrochloric  acid. 
Gives  chlorine  reaction  on  treating  the  solution  in  water  (acidu- 
lated by  nitric  acid)  with  nitrate  of  silver. 

Alcoholates  of  chloral  are  obtained  on  combining  alcohols  with 
chloral. 

Bromal  (C.HBrgO),  liydrate  of  hromal  (C^'KBrfi,  H,0),  and 
alcoholates  of  hromal  are  produced  when  bromine  instead  of  chlo- 
rine attacks  alcohol.    lodal  (C^HIgO)  also  exists. 

Oroton  chloral  (G^Kfilfi)  is  a  product  of  the  action  of  chlorine 
on  aldehyd.  Its  name  expresses  its  constitution  ;  it  is  the  chlo- 
rinated aldehyd  of  crotonic  acid  (C^HgO),  the  oleic  acid  of  croton 
oil — ordinary  chloral  being  the  chlorinated  aldehyd  of  acetic  acid. 

AMYLIC  ALCOHOL. 

Amylic  Alcohol  (Alcohol  Amylicum,  B.  P.)  (CgH^^HO,  or 
AyHO)  is  a  constant  accompaniment  of  eth}/lic  or  common 
alcohol  (C^H.HO,  or  EtllO)  when  the  latter  is  prepared  from 
sugar  which  has  been  derived  from  starch;  hence  the  name, 
from  amylum,  starch.  The  sugar  of  potato-starch  yields  a  con- 
siderable quantity ;  hence  the  alcohol  is  often  called  potato-oil. 
It  is  also  termed  f ousel-oil,  or  fusel-oil  (from  ^inx),  phiio,  I  pro- 
duce), in  allusion  to  the  circumstance  that  the  supposed  oil  is 
not  simply  educed  from  a  substance  already  containing  it,  as  is 
usually  the  case  with  oils,  but  is  actually  produced  during  the 
operation.  It  was  described  as  oil  probably  because  it  resembled 
oil  in  not  readily  mixing  with  water ;  but  it  is  soluble  to  some 
extent  in  water,  and  is  a  true  spirit,  homologous  with  spirit  of 
wine.  It  often  contains  variable  proportions  of  propylic,  butylic, 
and  caproylic  alcohols.    See  also  Yaleeianic  Acid. 

Amy  lie  alcohol  is  a  colourless  liquid,  with  a  penetrating  and 
oppressive  odour  and  a  burning  taste.  When  pure  its  specific 
gravity  is  -818 ;  boiling-point  270°  P.  Sparingly  soluble  in  water, 
but  soluble  in  all  proportions  in  alcohol,  ether,  and  essential  oils. 
Exposed  to  the  air  in  contact  with  platinum-black,  it  is  slowly 
oxidized,  yielding  valerianic  acid."  Two  allotropic  varieties  of 
amylic  alcohol  exist,  one  dextro-rotating  a  polarized  ray. 
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Acetate  oe  Amtl  (CgH^^C^HgO^,  or  Ay  A). — To  a  small  quan- 
tity of  amylic  alcohol  in  a  test-tube  add  some  acetate  of  potas- 
sium and  a  little  sulphuric  acid,  and  warm  the  mixture  ;  the 
vapour  of  acetate  of  amyl  is  evolved,  recognized  by  its  odour, 
which  is  that  of  the  jargonelle  pear.  If  a  condensing-tube  be 
attached,  the  essence  may  be  distilled  over,  washed  by  agitation 
with  water  to  free  it  from  alcohol,  and  separated  by  a  pipette. 

KA  +  AyHO  -f-  H^SO^  =  AyA  +  KHSO^  -1- 

Acetate  of        Amylie  Sulphuric       Acetate  of      Acid  sulphate  Water, 

potassium.        alcohol.  acid.  amyl.         of  potassium. 

Fruit- Essences, 

Acetate  of  amyl,  prepared  with  the  proper  equivalent  propor- 
tions of  constituents  as  indicated  by  the  above  equation,  is 
largely  manufactured  for  use  as  a  flavouring  agent  by  confec- 
tioners. Yalerianate  of  amyl  (Cgll^^CgHgO^)  is  similarly  used 
under  the  name  of  apple-oil.  I3utyrate  of  ethyl  (C^HgC^H^O^) 
closely  resembles  the  odour  and  flavour  of  the  pine- apple  ;  oenan- 
thylate  of  ethyl  (C^H.C^H^gO^)  recalls  greengage ;  pelargonate  of 
ethyl  (C,H.CgH^,0,)  quince;  suberate  of  ethyl  (Et^C^H^.O J  mul- 
berry ;  sebacate  of  ethyl  (Et^C^QH^gO^)  melon.  Hydride  of  salicyl 
(C^HgO^H),  or  salicylous  acid,  is  the  essential  oil  of  meadow- 
sweet (S^ircea  ulmarid)^  and  may  be  prepared  artiflcially  by 
the  oxidation  of  salicin  (vide  page  471).  Salicylate  of  methyl 
(CHgC^H.Og),  or  gaultheric  acid,  is  the  essential  oil  of  winter- 
green  (Gaultheria  jQ7'0Cumhens)^  and  may  also  be  prepared  arti- 
ficially from  salicin.  Salicylic  acid  can  easily  be  obtained  from 
the  salicylate  of  methyl,  but  far  more  cheaply  from  carbolic  acid 
(Kolbe).  Like  carbolic  acid,  it  is  a  powerful  antiseptic.  Ey 
mixing  these  ethereal  salts  with  each  other  and  with  essential 
oils  in  various  proportions,  the  odour  and  flavour  of  nearly  every 
fruit  may  be  fairly  imitated. 

Mtrite  of  Amyl. 

I^iTEiTE  OE  Amyl  (Amyl  Nitris,  B.  P.)  (C.Hj^lsrO^). — For  the 
preparation  of  this  substance  Maisch  recommends  a  modification  of 
Balard's  process.  Amylic  alcohol  is  first  rectified  until  pure ;  that 
is,  until  its  boiling-point  is  about  270°  E.  This  alcohol,  with  about 
an  equal  bulk  of  nitric  acid,  is  introduced  into  a  capacious  glass 
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retort,  and  a  moderate  heat  is  applied  and  very  gradually  increased. 
As  soon  as  the  mixture  approaches  boiling,  the  fire  is  removed, 
and  the  reaction  allowed  to  continue.  If  the  application  of  the 
heat  has  been  too  rapid  or  too  long  continued,  considerable 
frothing  occurs,  and  the  contents  of  the  retort  are  apt  to  foam 
over.  With  a  moderate  and  slowly  increased  heat,  the  reaction 
is  less  violent  and  the  temperature  rises  gradually  after  the 
removal  of  the  fire  and  the  beginning  of  boiling.  As  soon  as  the 
thermometer,  inserted  in  the  tubulus,  rises  above  212°  F.,  the 
receiver  is  changed,  the  distillate  now  becoming  more  and  more 
mixed  with  ethyl-amylic  ether  and  nitrate  of  amyl,  readily  per- 
ceived by  the  change  in  odour. 

The  distillate  obtained  below  212°  E.  is  agitated  with  an 
aqueous  solution  of  hydrate  or  carbonate  of  potassium  to  remove 
free  acids,  and,  after  separation,  the  oily  liquid  is  introduced  into 
a  clean  retort  and  again  slowly  heated.  The  first  portion  coming 
over  contains  amylic  aldehyde.  When  the  very  slowly  increased 
heat  has  risen  to  205°  F.,  the  receiver  is  again  changed  and  the 
distillate  noAV  collected  as  nitrite  of  amyl,  until  the  thermometer 
reaches  212°  F.,  when  the  distillation  is  stopped. 

Nitrite  of  amyl  is  a  yellowish  ethereal  liquid ;  sp.  gr.  of  liquid 
0-877,  of  vapour  4*03 ;  boiling-point  205°  F. ;  soluble  in  spirit  of 
wine,  insoluble  in  water ;  converted  by  fused  caustic  potash  into 
valerianate  of  potassium. 


QUESTIOI^S  AND  EXERCISES. 

778.  Name  the  source  of  methylic  alcohol. 

779.  What  is  "  methylated  spirit"? 

780.  Describe  the  method  by  which  methylated  spirit  is  de- 
tected in  a  tincture. 

781.  In  what  relation  does  formic  acid  stand  to  methylic 
alcohol? 

782.  How  would  you  proceed  to  ascertain  whether  or  not  a 
specimen  of  sweet  spirit  of  nitre  had  been  made  from  methylated 
spirit  ? 

783.  Give  details  of  the  production  of  chloroform  from  alcohol, 
tracing  the  various  steps  by  equations. 

784.  Is  chloroform  an  ethylic  compound  ?  What  is  its  probable 
constitution  ? 

785.  How  is  chloroform  purified  ? 
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786.  State  the  characters  of  pure  chloroform. 

787.  Describe  the  reactions  that  occur  in  the  manufacture  of 
chloral  and  chloral  hydrate. 

788.  What  is  the  nature  of  the  action  of  alkalies  on  chloral 
hydrate  ? 

789.  Mention  the  characters  of  pure  and  impure  chloral 
hydrate. 

790.  Whence  is  amy  lie  alcohol  obtained  ? 

791.  Has  valerianic  acid  any  chemical  relation  to  amylic 
alcohol  ? 

792.  Mention  the  systematic  names  of  several  artificial  fruit- 
essences. 

793.  What  is  the  formula  of  nitrite  of  amyl  ?  and  how  is  it 
prepared  ? 


SALTS  AND  DERIVATIVES  OF  RADICALS  OF  OTHER  SERIES  THAN 

THE  C,jH2,j_|_i. 

What  has  been  stated  regarding  radicals  having  the  general 
formula  C.^Hon^i  and  their  salts^  may  be  applied  to  the  radicals 
of  other  series. 

The  series  C,,Il2,,_7  includes  phenyl  (CgH,),  the  hydride  of 
which  (CgH.H,  or  PhH)  is  common  benzol  (B.  P.),  a  colourless 
volatile  liquid  obtained  from  coal-tar.  Toluol  (C^H^),  or  methyl- 
benzol,  is  one  of  the  products  of  the  distillation  of  balsam  of 
Peru.  The  next  homologue,  o^ylol  (C^H^q),  or  dimethyl-benzol, 
is  contained  in  crude  wood-spirit  and  in  coal-naphtha  :  it  is  a 
colourless  fluid,  having  an  odour  faintly  resembling  that  of 
benzol ;  boiling-point  282° P.;  sp.  gr.  -866.  Benzol  is  a  ]3ower- 
ful  solvent  of  grease,  and  under  the  name  of  Benzine  Oollas  was 
introduced  by  M.  Collas,  in  1848,  for  cleansing  stuffs.  By  the 
action  of  strong  nitric  acid,  benzol  yields  nitrohenzol  (Q^^iJ^O^'K)^ 
a  liquid  termed,  from  its  odour,  artificial  oil  of  hitter  almonds,  or 
essence  of  mirhane.  Its  specific  gravity  is  1'20  to  1*29.  The 
odour  of  this  essence,  however,  is  not  exactly  that  of  essential  oil 
of  almonds,  and  its  composition  is  very  different ;  so  that  it  is 
not  truly  an  artificial  volatile  oil.  The  natural  oil  has  a  sp.  gr.  of 
1*04  to  1-07,  and  is  a  hydride  of  the  negative  radical  benzoyl 
(C^HgOH),  a  radical  derived  from  the  next  higher  homologue  of 
phenjd  by  displacement  of  hydrogen  by  oxygen.  Mtrobenzol 
yields  aniline  (vide  infra),  oil  of  bitter  almonds  does  not  (p.  465). 
Dinitrohenzol  {O^J^O^^)  may  also  be  obtained.    The  hydrate 
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of  phenyl  (CgH.HO),  or  ^Jienic  alcohol,  or  phenol,  is  the  plienic 
acid  or  carbolic  acid  of  commerce  (Acidum  Carholicum,  B.  P.),  a 
colourless  crystalline  substance,  obtained  from  coal-tar  oil  by 
fractional  distillation  and  subsequent  purification.  At  tempera- 
tures above  95°  P.  it  is  an  oily  liquid.  It  is  only  slightly  soluble 
in  water,  but  readily  dissolved  by  alcohol,  ether,  and  glycerine 
(Glycerinum  Acidi  Carholici,  B.  P.).  In  odour,  taste,  and  solu- 
bility (and  in  appearance  when  liquefied  by  heat  or  by  the  addi- 
tion of  5  per  cent,  of  water)  it  resembles  creasote,  a  wood-tar 
product  for  which  carbolic  acid  is  often  substituted.  Besides 
hydrate  of  phenyl  (CgHgllO)  coal-tar  oil  contains  cresol,  hydrate 
of  cresyl,  or  cresylic  acid  (C^H^HO) ;  while  wood-tar  oil  furnishes 
guaiacol  (C^HgOg) — also  a  product  of  the  destructive  distillation 
of  guaiacum -resin — and  creasol  (C^H^qO^),  or  creasote.  Certain 
colouring-matters  may  be  obtained  by  the  oxidation  of  carbolic 
acid ;  ammonia  or,  still  better,  phenyl- ammonia  (aniline)  mixed 
with  it,  and  then  a  small  quantity  of  solution  of  a  hypochlorite, 
gives  a  blue  liquid ;  a  similar  effect  is  produced  on  dipping  a  chip 
of  deal  into  carbolic  acid  (or  into  creasote),  then  into  hydrochloric 
acid,  and  afterwards  exposing  it  to  the  air.  By  the  following 
tests  carbolic  acid  may  be  distinguished  from  creasote.  The  former 
boils  only  at  370°  P.,  while  the  latter  readily  dries  up  at  212°. 
Carbolic  acid  does  not  affect  a  ray  of  polarized  light;  creasote 
twists  it  to  the  right.  Carbolic  acid  is  either  solid  or  may 
be  solidified  by  cooling ;  creasote  is  not  solidified  by  the  cold  pro- 
duced by  a  mixture  of  hydrochloric  acid  and  sulphate  of  sodium. 
Creasote  from  coal  (impure  or  crude  carbolic  acid)  gives  a  jelly 
when  shaken  with  collodion;  creasote  from  wood  {Creasotum, 
B.  P.)  is  unafiected  by  collodion  (Eust).  Coal-creasote  is  soluble 
in  solution  of  potash  and  in  the  strongest  solution  of  ammonia 
(Bead),  wood-creasote  scarcely  soluble.  The  coal  product  is 
soluble  in  a  large  volume  of  water  (about  1  in  80,  or  1  in  20  of 
boiling  water),  and  a  neutral  solution  of  ferric  chloride  strikes  a 
blue  colour  with  the  liquid ;  wood-creasote  is  less  soluble  {Aqua 
Creasoti,  U.  S.  P.,  is  said  to  contain  1  in  129)  and  not  coloured 
blue  by  ferric  chloride.  An  alcoholic  solution  of  the  coal-oil  is 
coloured  brown  by  ferric  chloride,  a  similar  solution  of  true 
creasote  green.  According  to  Mr.  Thomas  Morson  pure  creasote 
is  unaffected  when  mixed  with  an  equal  volume  of  commercial 
glycerine  (it  is  soluble  in  pure  anhydrous  glycerine — Pliickiger), 
-while  carbolic  acid  is  miscible  in  all  proportions,  and  will  carry 
into  solution  even  a  considerable  quantity  of  creasote.  Carbolic 
acid  is  a  powerful  ardiseptic  {avrh  (^"^ti,  against,  and  o-j^ttw^  sepo. 
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I  putrefy).  In  large  doses  it  is  poisonous,  antidotes  being  a 
mixture  of  olive-oil  and  castor- oil,  freely  administered,  or  a 
mixture  of  slaked  lime  with  about  three  times  its  weight  of  sugar 
rubbed  together  with  a  little  water.  Carbolic  acid  is  soluble  in 
oil  of  vitriol,  sulpliocarholic  acid  (KGqK^O^)  or  sulplioplienic  acid 
being  formed.  On  diluting  and  mixing  with  oxides,  hydrates, 
or  carbonates,  suljjhocarholates  are  formed.  The  formula  of 
sulphocarholate  of  sodium  is  ]N^aCgH_SO^  ;  sulpJiocarholate  of  zinc 
Zn(CgII.SO^XHp.  Tri-nitro-carbohc  acid  (C,H3(]SrO,)30)  is 
formed  on  slowly  dropping  carbolic  acid  into  fuming  nitric  acid ; 
it  is  the  yellow  dye  known  as  carhazotic  acid  or  picric  acid ;  most 
of  the  picrates  are  explosive  by  percussion.  Both  carbolic  acid 
and  benzol  are  secondary  products,  obtained  in  the  manufacture 
of  coal-gas ;  hence,  indeed,  the  word  plienic  and  thence  phenyl 
(from  (^aivis),  jphaind,  I  light,  in  allusion  to  the  use  of  coal-gas). 
Aniline,  or  phenylamine,  is  a  product  of  the  action  of  nascent 
hydrogen  on  nitrobenzoL 

NitrobenzoL  Hydrogen. 

the  substance  whence,  by  oxidation  etc.,  aniline-red  (magenta), 
-orange,  -yellow,  -green,  -blue,  -violet  (mauve),  and  -black  are 
produced.  The  process  with  zinc  dust  (vide  Watt's  Diet.)  answers 
fairly  well.  1  oz.  of  nitrobenzol  gives  a  drachm  or  two  of  aniline. 
But  action  of  iron  filings  and  acetic  acid  on  an  alcoholic  solution 
answers  better,  3  oz.  of  nitrobenzol  giving  1  of  aniline. 

Aloins. — The  aloes  of  pharmacy  (Aloe  Barhadensis,  B.  P.,  and 
Aloe  Socotrina,  B.  P.)  is  an  evaporated  juice,  doubtless  much 
altered  by  the  temperature  to  which  it  is  subjected. 

Barhaloin, — This  substance,  first  obtained  by  T.  and  H.  Smith, 
occurs  in  minute  crystals  in  Barbadoes  aloes.  It  is  readily  pro- 
cured by  making  a  decoction  in  water  acidified  with  a  little 
hydrochloric  acid,  after  some  hours  pouring  off  the  precipitated 
resin  and  evaporating  the  liquid  to  a  syrup.  The  aloin  crystal- 
lizes out  in  a  day  or  two.  Barbaloin  yields,  by  the  action  of 
bromine  and  chlorine,  substitution  compounds.  Nitric  acid 
dropped  upon  it  produces  a  red  colour,  which  soon  fades.  Boiled 
for  some  time  with  strong  nitric  acid  barbaloin  gives,  together 
with  oxalic  and  picric  acids,  a  yellow  substance,  chrysammic  acid, 
which  furnishes  beautiful  red  salts  (Tilden).  Anthracene  (C^^H^q) 
has  been  obtained  by  deoxidation  of  barbaloin. 
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Nataloin. — This  body  was  discovered  by  Pliickiger  in  ITatal 
aloes.  It  crystallizes  readily  in  rectangular  plates,  either  from 
spirit  or  from  water.  I^o  bromine  or  chlorine  substitution  deri- 
vatives have  yet  been  formed,  but  an  acetyl  compound  has  been 
analyzed  (Tilden).  Nataloin  moistened  with  nitric  acid  gives  a 
red  coloration  which  does  not  fade.  When  boiled  with  nitric 
acid  it  yields  no  chrysammic,  but  only  oxalic  and  picric  acids. 

Socaloin  or  Zanaloin. — Histed  and  Eliickiger  have  shown  that 
Socotrine  or  Zanzibar  aloes  yields  analoin  distinctfrom  those  just 
described.  It  forms  tufted  acicular  prisms.  Kitric  acid  scarcely 
alters  the  colour  of  socaloin.  ISTeither  socaloin  nor  barbaloin  afford 
any  colour  when  vapour  from  a  glass  rod  moistened  with  nitric 
acid  is  brought  near  to  a  drop  of  oil  of  vitriol  containing  a  minute 
fragment  of  the  aloin,  while  nataloin  gives  rise  to  a  blue  coloration. 

Eormuloe. — The  reactions  of  these  bodies  seem  to  indicate  that 
they  are  complex  phenols.  Phenol  being  the  phenyl  hydrate, 
CgH.HO,  and  cresol  being  methyl-phenol,  CgH^CH^HO,  the  aloins 
may  possibly  have  a  similar  constitution, — that  is,  they  may  be  the 
hydrates  of  radicals  in  which  part  of  the  hydrogen  is  replaced  by 
groups  of  atoms.  Since  Tilden  made  this  suggestion,  E.  von 
Sommaruga  and  Egger  Pharmacographia ')  have  arrived  at  the 
conclusion  that  the  aloins  form  an  homologous  series,  and  that 
they  have  the  composition  indicated  in  the  following  formulse  : — 
Socaloin,  C^.H^gO^ ;  JN'ataloin,  C^gH^gO^ ;  Barbaloin,  C^^H^qO^. 
Tilden's  more  recent  experiments  indicate,  however,  that  barba- 
loin (CjgH^gO^)  and  socaloin  (C^gH^gO^)  are  isomeric  in  the  anhy- 
drous state,  but  that  socaloin  and  its  derivatives  in  the  hydrous 
condition  contain  more  water  of  crystallization  than  barbaloin. 
[N'ataloin  (C^gH^gO^)  seems  to  be  isomeric  with  the  others,  but  is 
less  soluble,  and  does  not  yield  either  chrysammic  acid  or  chloro- 
or  bromo-derivatives  (C^gH^.ClgO^ ;  C^gH^-BrgO^).  The  acetyl- 
derivatives  appear  to  have  the  formula 

In  the  series  Q.,^2n-Y  we  have  the  univalent  radical  allyl 
(C3II.),  whose  sulphide  ((C3H.)2S)  is  essential  oil  of  garlic,  and 
sulphocyanate  (CgHgCyS)  the  chief  part  of  the  essential  oil  of 
mustard,  the  body  to  which  mustard  owes  its  power  of  inducing 
inflammatory  action  on  the  skin  ("Mustard  Poultice  "  and  Cliarta 
Sinapis,  B.  P.).  Mustard  (Shiapis,  B.  P.)  is  a  powdered  mix- 
ture of  black  or,  rather,  reddish-brown  and  white  mustard-seeds. 
The  white  mustard-seed  contains  sinalhin  (C,„II,,]N"„S,.0,.),  a  2:lu- 

•  1-1  ^oO      44.     2    Z     16/-'  o 

eoside  which,  m  contact  with  the  myrosin  in  an  aqueous  extract 
of  mustard,  yields  some  part  of  the  acrid  oil  in  the  form  of  the 
sulphocyanide  of  a  peculiar  radical  acrinyl. 
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Sinalbin.  Sulphocyanate  Acid  sulphate  G-lucose. 

of  acrinyl.  of  sinapine. 

The  black  contains  tlie  albnmenoid  ferment  myrosin^  resembling 
the  emulsin  of  almonds  (p.  464)  and  myronate  of  potassium,  or 
sinigrin.  The  latter  is  the  body  which,  under  the  influence  of 
the  former,  yields  the  chief  part  of  the  pungent  oil. 

Myronate  of  Acid  sulphate  Oil  of  Glucose, 

potassium.  of  potassium.  mustard. 

Crude  oil  of  mustard  often  contains  cyanide  of  aJIyl,  C^IL^CN, 

In  the  Pharmacopoeia  of  India  the  seed  of  Sinapis  juncea,  Red 
or  Indian  Mustard  Plant,  is  official  in  addition  to  that  of  S,  alba 
and  S.  nigra.  It  is  the  common  mustard  of  warm  countries.  It 
does  not  differ  chemically  from  other  mustard.  AUyl  compounds 
are  also  met  with  in  several  other  cruciferous  and  liliaceous  plants. 

In  the  C,^Il2n  series  occurs  ethylene  or  olefiant  gas  {Q^^,  the 
chief  illuminating  constituent  of  coal-gas  (readily  made  on  heat- 
ing alcohol  with  twice  its  volume  of  strong  sulphuric  acid),  a  bi- 
valent radical,  the  alcohol  of  which  is  glycol  (C^H^SHO)  ;  and  in 
the  Q^2n-i"  trivalent  hypothetical  radical  glyceryl  (C3II,), 
the  hydrate  of  which  (C3lIg3IIO)  is  glycerine.  The  homologues 
of  glycol  are  termed  glycols,  the  homologues  of  glycerine  gly- 
cerines. It  will  be  noticed  that  the  chemical  composition  of  the 
radicals  glyceryl  and  allyl  is  identical  (Cgllg)  ;  but  the  former  is 
trivalent  and  the  latter  univalent;  hence  they  probably  differ 
in  physical  constitution :  they  are  isomeric,  possibly  polymeric, 
with  each  other.  Prom  a  glyceryl  compound  (glycerine),  how- 
ever, an  ally!  salt  (iodide)  can  be  produced.  Ey  distilling  a 
mixture  of  glycerine  and  diniodide  of  phosphorus,  iodide  of  allyl 
(C^Hgl)  is  obtained ;  and  on  digesting  this  with  sulphocyanate  of 
potassium,  the  sulphocyanate  of  allyl,  or  artificial  oil  of  mustard, 
results,  identical  with  the  natural  oil. 

Gltcehine. — Glycerine,  or  Glyceric  Alcohol  (CgllgSHO),  is 
the  hydrate  of  the  basylous  radical  of  most  oils  and  fats,  bodies 
which  are  mainly  oleates,  palmitates,  and  stearates  of  glycer}^ 
(glycyl  or  propenyl).  When  these  substances  are  heated  with 
metallic  hydrates  (even  with  water — hydrate  of  hydrogen — at  a 
temperature  of  500°  F.  or  600°  P.)  double  decomposition  occurs, 
oleate,  palmitate,  or  stearate  of  the  metal  is  formed,  and  hydrate 
of  glyceryl  or  glycerine.  Hence  glycerine  is  a  by-product  in  the 
manufacture  of  soap^  hard  candles,  and  lead-plaster  (vide  Index). 
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Properties. — Glycerine  is  viscid  when  pure,  specific  gravity 
1*28  (not  below  1-25,  E.  P.),  has  a  sweet  taste,  is  soluble  in 
water  or  alcohol  in  all  proportions.  It  has  remarkable  powers  as 
a  solvent,  is  a  valuable  antiseptic  even  when  diluted  with  10  parts 
of  water,  and  useful  as  an  emollient.  In  vacuo  it  may  be  dis- 
tilled unchanged,  but  under  ordinary  atmospheric  pressure  is 
decomposed  by  heat. 

Test. — Heat  one  or  two  drops  of  glycerine  in  a  test-tube,  alone 
or  with  strong  sulphuric  acid,  acid  sulphate  of  potassium,  or  other 
salt  powerfully  absorbent  of  water ;  vapours  of  acrolein  (from  acer^ 
sharp,  and  oleum,  oil)  are  evolved,  recognized  by  their  powerfully 
irritating  effects  on  the  eyes  and  respiratory  passages.  If  the 
glycerine  be  in  solution  in  water,  it  must  be  evaporated  as  low 
as  possible  before  applying  this  test.  Besides  glycerine  itself 
(Glycerinum,  E.  P.),  there  are  several  official  preparations  of 
glycerine — solutions  of  carbolic,  gallic,  and  tannic  acids  and  borax 
in  glycerine,  and  a  sort  of  mucilage  of  starch  in  glycerine  (  Gly- 
cerinum  Acicli  Oarholici,  Glycerinum  Acidi  Gallici,  Glycerinum 
Acidi  Tannici,  Glycerinum  Boracis,  and  Glycerinum  Amyli). 


QUESTIOJ^S  AIsTD  EXEECISES. 

794.  Give  the  formulae  of  some  compounds  of  radicals  which 
have  the  general  formulae  C^^Hs^^.y',  C^^Hg,,./,  C.^Ho^./",  and 
C,,Il2;^", — e,  g.,  benzol,  essential  oil  of  mustard,  glycerine,  and 
glycol. 

795.  State  the  difference  in  composition  of  natural  and  arti- 
ficial oil  of  bitter  almonds. 

796.  How  is  the  so-called  artificial  oil  of  bitter  almonds  pre- 
pared ? 

797.  What  are  the  uses,  composition,  source,  and  properties  of 
Carbolic  Acid  ? 

798.  State  the  characters  by  which  carbolic  acid  is  distin- 
guished from  Creasote. 

799.  Draw  out  an  equation  explanatory  of  the  production  of 
aniline. 
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ALBUMENOIT)  SUBSTANCES. 


800.  Mention  tlie  chief  properties  of  Glycerine. 

801.  What  is  the  specific  gravity  of  glycerine? 

802.  By  what  test  is  glycerine  recognized  ? 

803.  Ennmerate  some  official  preparations  in  which  glycerine 
is  employed  as  a  solvent. 


ALBUMENOID  8UBSTA]^CES. 

Albumen, — Agitate,  thoroughly,  white  of  egg  (Albumen  Ovi^ 
B.  P.)  with  water,  and  strain  or  pour  off  the  liquid  from  the  floc- 
culent  memhranous  insoluble  matter.  One  white  to  4  oz.  of 
water  forms  the    Solution  of  Albumen,"  B.  P. 

Test. — Heat  a  portion  of  this  solution  of  albumen  to  the  boiling- 
point  ;  the  albumen  becomes  insoluble,  separating  in  clots  or 
coagula  of  characteristic  appearance. 

OtJier  Reactions. — Add  to  small  quantities  of  aqueous  solution 
of  albumen  solutions  of  corrosive  sublimate,  nitrate  of  silver,  sul- 
phate of  copper,  acetate  of  lead,  alum,  perchloride  of  tin;  the 
various  salts  not  only  coagulate  but  form  insoluble  compounds 
with  albumen.  Hence  the  value  of  an  egg  as  a  temporary  anti- 
dote in  cases  of  poisoning  by  many  metallic  salts,  its  adminis- 
tration retarding  the  absorption  of  the  poison  until  the  stomach- 
pump  or  other  measures  can  be  applied.  Sulphuric,  nitric,  and 
hydrochloric  acids  precipitate  albumen ;  the  coagulum  is  slowly 
redissolved  by  aid  of  heat,  a  brown,  yellow,  or  purplish-red  colour 
being  produced.  Keither  acetic,  tartaric,  nor  organic  acids  gene- 
rally, except  gallo-tannie,  coagulate  albumen.  Alkalies  prevent 
the  precipitation  of  albumen. 

Yolk  or  Yelk  of  Egg  (Ovi  Vitellus,  B.  P.  )  contains  only  3  per 
cent,  of  albumen — the  white  The  yolk  also  contains  30  per 

cent,  of  yellow  fat  and  14  of  casein. 

Albumen  is  met  with  in  large  quantity  in  the  serum  of  blood, 
in  smaller  quantity  in  chyle  and  lymph,  and  in  the  brain,  kid- 
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neys,  liver,  muscles,  and  pancreas.  It  is  not  a  normal  consti- 
tuent of  saliva,  gastric  juice,  bile,  or  mucus,  but  occurs  in  those 
secretions  during  inflammation.  It  is  found  in  the  urine  and 
faeces  only  under  certain  diseased  states  of  the  system. 

The  cause  of  the  coagulation  of  albumen  by  heat  has  not  yet 
been  discovered. 

Albumen  has  never  been  obtained  sufficiently  pure  to  admit  of 
its  composition  being  expressed  by  a  trustworthy  formula ;  Ger- 
hardt  regarded  it  as  a  sodium  compound  (H NaC^^S^^QT^^gSO^^,  H^O). 

Fibrin,  Casein,  Legumin, 

Fibrin  is  the  chief  constituent  of  the  muscular  tissue  of  animals. 
It  occurs  in  solution  in  the  blood ;  and  its  spontaneous  solidifi- 
cation or  coagulation  is  the  cause  of  the  clotting  of  blood  shortly 
after  being  drawn  from  the  body — a  phenomenon  which  cannot 
at  present  be  explained  satisfactorily.  Pibrin  may  be  obtained 
by  whipping  fresh  blood  with  a  bundle  of  twigs,  separating 
the  adherent  fibres,  and  washing  in  water  till  colourless.  It  may 
be  dried  or  kept  under  spirit  of  wine. 


> 


Average  Composition  of  Blood  (in  1000  parts) 
(Compiled  by  Kirkes.) 

Water  ,  

Albumen  

Pibrin  

Eed  Corpuscles  (dried)   

Cholesterin   O-OS^^l 

Cerebrin   0*40 

Serolin   0-02 

Oleic  and  margaric  acids  

I  Volatile  and  odorous  fatty  acid  .  . 

(^Fat  containing  Phosphorus  

Chloride  of  sodium  

^        Chloride  of  potassium  

*S  ^-     Phosphate  of  sodium  (^sFa^PO^)  

&£r:g     Carbonate  of  sodium   

g  ^     Sulphate  of  sodium  

I  Phosphates  of  calcium  and  magnesium  .  . 

1^  Oxide  and  phosphate  of  iron  

Extractive   matters,    biliary  colouring-matter, 
gases,  and  accidental  substances   


784 
70 
2-2 
130 


1-4 


3-6 
•35 
•2 
•82 
•28 
•25 
•50 


1000- 
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ALBUMENOID  SUBSTANCES. 


Percentage  proportion  of  the  chief  constituents  of  Elood. 


Water.,   78-4 

Eed  corpuscles  (solid  residue)    13*0 

Albumen  of  serum   7*0 

Inorganic  salts    -603 

Extractive,  fatty,  and  otlier  matters.  .  .  .  -777 
Pibrin    -22 


100- 

Casein  occurs  in  Cow's  Milk  {Lac,  E.  P.)  to  the  extent  of  3  per 
cent.,  dissolved  by  a  trace  of  alkaline  salt.  Its  solution  does  not 
spontaneously  coagulate  like  that  of  fibrin,  nor  by  heat  like  albu- 
men ;  but  acids  cause  its  precipitation  from  milk  in  the  form  of  a 
curd  (cheese)  containing  the  fat-  (butter-)  globules  previously  sus- 
pended in  the  milk,  a  clear  yellow  liquid  (or  whey)  remaining. 
Curds  and  whey  are  also  produced  on  adding  to  milk  a  piece,  or 
an  infusion,  of  rennet,  the  salted  and  dried  inner  membrane  of  the 
fourth  stomach  of  the  calf.  The  exact  action  of  rennet  is  not 
known. 


Average  Composition  of  1000  parts  of  milk. 


Specific 
gravity. 

Water. 

Solid 
consti- 
tuents. 

Casein 
and  ex- 
tractive. 

Sugar. 

Butter. 

Salts. 

1-033 
1-032 

889 
876 

Ill 

124 

40 
40 

42 
47 

27 
30 

2 
7 

Specific  gravity  alone,  as  taken  by  the  form  of  hydrometer 
termed  a  lactometer,  or  even  by  more  delicate  means,  is  of  little 
value  as  an  indication  of  the  richness  of  milk,  the  butter  and  the 
other  solids  exerting  an  influence  in  opposite  directions.  Good 
cow's  milk  affords  from  10  to  12  per  cent,  by  volume  of  cream, 
and  3  to  3|  per  cent,  of  butter.  The  water  of  milk  seldom 
varies  more  than  from  87  to  88  per  cent.,  and  the  solid  con- 
stituents from  13  to  12.  Indeed,  excluding  its  butter,  milk  is 
curiously  regular  in  composition.  The  non-fatty  solids  in  the 
mixed  milk  of  a  herd  or  dairy  of  healthy  cows  is  almost  a 
constant  quantity,  namely  9*3  per  cent.  A  lower  proportion  of 
non -fatty  solids  in  a  sample  of  milk  points  to  the  addition  of 
water.  Thus,  supposing  that  100  grains  of  a  specimen  of  milk 
evaporated  to  dryness,  and  all  butter  extracted  from  the  residue 
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by  ether,  yielded  a  non-fatty  residue  of  7*44  grains,  the  specimen 
would  probably  be  four  fifths  milk  and  one  fifth  water.  For  if 
(by  rule  of  three)  9*3  indicate  100,  then  7*44  indicate  80.  Occa- 
sionally, under  exceptional  circumstances,  a  sample  of  genuine 
milk  might  be  slightly  poorer  than  that  from  a  healthy  herd, 
and  therefore,  for  legal  purposes,  a  standard  of  9  per  cent,  by 
weight  of  non-fatty  solids  and  2-5  per  cent,  of  butter-fat  has 
been  proposed.  Only  in  the  rare  cases  of  milk  containiug  an 
unusually  large  proportion  of  butter-fat  would  any  milk  yielding 
less  than  9  per  cent,  of  non-fatty  solids  be  regarded  as  genuine. 
And,  again,  no  milk  would  be  considered  genuine  if  it  yielded  less 
than  2*5  per  cent,  of  fat,  not  even  in  the  rare  case  of  its  containing 
an  unusually  large  proportion  of  real  non-fatty  milk-solids. 
Half-starved  cows  might  yield  milk  below  these  standards ;  but 
such  milk  could  scarcely  be  considered  to  be  genuine,  or  better 
fitted  for  food  than  milk  watered  after  leaving  the  cow. 

Under  the  microscope  milk  is  seen  to  consist  of  minute 
corpuscles  floating  in  a  transparent  medium.  These  corpuscles 
consist  of  the  fatty  matter  (butter)  contained  in  a  filmy  albu- 
menoid  envelope. 

Legumin  or  vegetable  casein  is  found  in  most  leguminous  seeds, 
such  as  sweet  and  bitter  almonds.  Peas  contain  about  25  per  cent, 
of  legumin. 

Vegetable  albumen  is  contained  in  many  plant-juices,  and  is 
deposited  in  fiocculi  on  heating  such  liquids.  Vegetable  fibrin  is 
the  name  given  by  Liebig  and  Dumas  to  that  portion  of  the 
gluten  of  wheat  which  is  insoluble  in  alcohol  and  ether  {vide 
p.  450). 

Albumenoid  substances  are  nearly  identical  in  percentage  com- 
position. Albumen  (and  fibrin)  contains  53-5  of  carbon,  7  of 
hydrogen,  15*5  of  nitrogen,  22  of  oxygen,  1-6  of  sulphur,  and 
•4  of  phosphorus.  Casein  contains  no  phosphorus.  These  three 
bodies  are  often  termed  the  plastic  elements  of  nutrition,  under 
the  assumption  that  animals  directly  assimilate  them  in  forming 
muscles,  nerves,  and  other  tissues, — starch,  sugar,  and  similar 
matter  forming  the  respiratory  materials  of  food,  because  more 
immediately  concerned  in  keeping  up  the  temperature  of  the  body 
by  the  combustion  going  on  between  them,  and  their  products, 
and  the  oxygen  of  the  air  in  the  blood. 

Mush  (Moschus,  B.  P.),  the  inspissated  and  dried  secretion 
from  the  preputial  follicles  of  Moschus  moschiferus (the  Musk- 
Deer),  is  a  mixture  of  albumenoid,  fatty,  and  other  animal  matters 
with  a  volatile  odorous  substance  of  unknown  composition. 

z  2 
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GELATIGENOUS  SUBSTANCES. 

These  nitrogenous  bodies  differ,  chemically,  from  the  albumenoid 
in  containing  less  carbon  and  snlphnr  and  more  nitrogen.  They 
are  contained  in  certain  animal  tissues,  and  on  boiling  with 
water  yield  a  solution  which  has  the  remarkable  property  of 
solidifying  to  a  jelly  on  cooling.  The  tendons,  ligaments,  bones, 
skin,  and  serous  membranes  afford  gelatine  proper  ;  the  cartilages 
give  chonclrine,  which  differs  from  gelatine  in  composition  and  in 
being  precipitated  by  vegetable  acids,  alum,  and  the  acetates  of 
lead.  The  purest  variety  of  gelatine  is  isinglass  (B,  P.),  "  the 
swimming-bladder  or  sound  of  various  species  of  Acipenser,  Linn., 
prepared  and  cut  in  fine  shreds."  Small  quantities  are  more 
easily  disintegrated  by  a  file  than  a  knife.  Eifty  grains  dissolved 
in  5  ounces  of  distilled  water  forms  the  official  "  Solution  of 
Gelatine,"  B.  P.  Glue  is  an  impure  variety  of  gelatine,  made  from 
the  trimmings  of  hides;  size  is  glue  of  inferior  tenacity,  pre- 
pared from  the  parings  of  parchment  and  thin  skins.  "  Amoug 
the  varieties  of  gelatine  derived  from  different  tissues  and  from 
the  same  sources  at  different  ages,  much  diversity  exists  as  to  the 
firmness  and  other  characters  of  the  solid  formed  on  the  cooling 
of  the  solutions.  The  differences  between  isiiDglass,  size,  and 
glue,  in  these  respects,  are  familiarly  known,  and  afford  good 
examples  of  the  varieties  called  weak  and  strong,  or  low  and 
high,  gelatines.  The  differences  are  sometimes  ascribed  to  the 
quantities  of  water  combined  in  each  case  with  the  pure  or  an- 
hydrous gelatine,  part  of  which  water  seems  to  be  intimately 
united  with  the  gelatine ;  for  no  artificial  addition  of  water  to 
glue  would  give  it  the  character  of  size,  nor  would  any  abstrac- 
tion of  water  from  isinglass  or  size  convert  it  into  the  hard  dry 
substance  of  glue.  But  such  a  change  is  efi'ected  in  the  gradual 
process  of  nutrition  of  the  tissues ;  for,  as  a  general  rule,  the 
tissues  of  an  old  animal  yield  a  much  firmer  or  stronger  jelly 
than  the  corresponding  parts  of  a  young  animal  of  the  same 
species."    (Kirke's  Physiology.) 

Gelatine  appears  to  unite  chemically  with  a  portion  of  the 
water  in  which  it  is  soaked  when  used  for  -culinary  and  manu- 
facturing purposes,  for  a  solution  of  glue  in  hot  anhydrous 
glycerine  does  not  yield  an  ordinary  jelly  on  cooling.  Erom  its 
solution  in  water,  gelatine  is  precipitated  by  alcohol,  corrosive 
sublimate,  perchloride  of  platinum,  and  by  tannic  acid.  Its 
aqueous  solution  is  not,  like  that  of  albumen,  coagulated  by  heat. 
By  prolonged  ebullition  its  gelatinizing  power  is  destroyed. 
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PEPSIN. 

Pepsin  (from  TreTrruy^peptd,  I  digest)  is  a  nitrogenous  substance 
existing  in  the  gastric  juice,  and  as  a  viscid  matter  in  the  peptic 
glands  and  on  the  walls  of  the  stomachs  of  animals.  The  mucous 
membrane  of  the  stomach  (of  the  hog,  sheep,  or  calf,  killed  fast- 
ing) is  scraped,  and  macerated  in  cold  water  for  twelve  hours  ; 
the  pepsin  in  the  strained  liquid  is  then  precipitated  by  acetate 
of  lead,  the  deposit  washed  once  or  twice  by  decantation,  sulphu- 
retted hydrogen  passed  through  the  mixture  of  the  deposit  with 
a  little  water  to  remove  the  whole  of  the  lead,  and  the  filtered 
liquid  evaporated  to  dryness  at  a  temperature  not  exceeding 
105°  F.  Pepsin  is  a  powerful  promoter  of  digestion ;  its  solu- 
tion is  hence  frequently  termed  artificial  gastric  juice.  As  met 
with  in  pharmacy  its  strength  varies  greatly.  It  is  often  pre- 
pared by  simply  mixing  with  starch  the  thick  liquid  obtained  on 
macerating  the  scraped  stomach  with  water,  and  evaporating  to 
dryness.  (Vide  Pharmaceutical  Journal,  1865-66,  p.  112,  and 
1871-72,  pp.  785  and  843.)  The  official  process  (Pepsin,  B.  P.) 
simply  consists  in  scraping  the  viscid  pulp  from  the  slightly 
washed  inner  surface  of  the  stomach,  and  quickly  evaporating  it 
to  dryness  on  glass  or  glazed  earthenware  at  a  temperature  not 
exceeding  100°  F,  The  product  is  powdered.  "  A  light  yellow- 
ish brown  powder,  having  a  faint,  but  not  disagreeable  odour, 
and  a  slightly  saline  taste,  without  any  indication  of  putrescence. 
Yery  little  soluble  in  water  or  spirit.  Two  grains  of  it  with  an 
ounce  of  distilled  water,  to  which  five  minims  of  hydrochloric 
acid  have  been  added,  form  a  mixture  in  which  100  grains  of 
hard-boiled  white  of  egg,  in  thin  shavings,  will  dissolve  on  their 
being  digested  together  for  about  four  hours  at  a  temperature  of 
98°;' 

PAN'CEEATIIS'. 

The  pancreas  (or  sweetbread ")  secretes  a  colourless  fluid 
which  contains  1^  to  2 J  per  cent,  of  an  albumenoid  substance, 
which  has  the  power  of  converting  starch  into  sugar  and,  espe- 
cially, of  emulsifying  fat.  It  may  be  precipitated  by  chloride  of 
sodium  from  an  acidulated  infusion  of  the  pancreas.  It  is 
soluble  in  cold  water.  An  extremely  small  proportion  emulsifies 
a  large  volume  of  fat. 
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FATTY  BODIES. 


QUESTIOi^S  ATO  EXEECISES. 

804.  In  what  form  is  albumen  familiar  ? 

805.  jN'ame  the  chief  test  for  albumen. 

806.  Why  is  the  administration  of  albumen  useful  in  cases  of 
poisoning  ? 

807.  Mention  the  points  of  difference  between  yolk  and  white 
of  egg. 

808.  Erom  what  sources  other  than  egg  may  albumen  be  ob- 
tained ? 

809.  In  what  respects  does  fibrin  differ  from  albumen  ? 

810.  Enumerate  the  chief  constituents  of  blood. 

811.  How  may  fibrin  be  obtained  from  blood  ? 

812.  State  the  differences  between  casein,  fibrin,  and  albumen. 

813.  What  are  the  relations  of  cream,  butter,  curds  and  whey, 
and  cheese,  to  milk  ? 

814.  Describe  the  microscopic  appearances  of  blood  and  of  milk. 

815.  How  much  cream  should  be  obtained  from  good  milk  ? 

816.  What  is  the  percentage  of  water  in  genuine  milk  ? 

817.  Name  sources  of  vegetable  casein  and  vegetable  albumen. 

818.  Give  the  percentage  of  nitrogen  in  albumenoid  substances. 

819.  Describe  the  chemical  nature  of  musk. 

820.  In  what  lies  the  peculiarities  of  gelatine  ? 

821.  To  what  extent  do  isinglass,  glue,  and  size  differ? 

822.  Whence  is  pepsin  obtained  ? 

823.  How  is  pepsin  prepared  ? 


EATTY  BODIES. 

SOAPS,  SOLID  FATS,  FIXED  OILS,  VOLATILE  OILS,  CAMPHOES. 

General  relations. — Oils  and  fats  are,  apparently,  almost  as 
simple  in  constitution  as  ordinary  inorganic  salts.  Just  as  ace- 
tate of  potassium  (KC^HgO.^)  is  regarded  as  a  compound  of  potas- 
sium (X)  with  the  characteristic  elements  of  all  acetates  (C^HgO^), 
so  soft  soap  is  considered  to  be  a  compound  of  potassium  (K) 
with  the  elements  characteristic  of  all  oleates  (C^gH^^O^),  and 
hence  is  chemically  termed  oleate  of  potassium  (KC^^Hg^Og). 
Olive-oil,  from  which  soap  is  commonly  prepared,  is  mainly 
oleate  of  the  trivalent  radical  glyceryl  (CgH.),  the  formula  of  pure 
fluid  oil  being  Q^^^Q^^^fi^,  and  its  name  oleine.    The  forma- 
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tion  of  a  soap  therefore,  on  bringing  together  oil  and  a  moist 
oxide  or  hydrate,  is  a  simple  case  of  donble  decomposition  (or, 
rather,  metathesis),  as  seen  already  in  connexion  with  lead  plaster 
(p.  233),  or  in  the  following  equation  relating  to  the  formation  of 
common  hard  soap : — 

3NaH0  +  C3K3C„H330,  =  SNaC^H,,©,  +  C3H,3H0 

Hydrate  of  sodium      Oleate  of  glyceryl  01  eate  of  sodium      Hydrate  of  glyceryl 

(caustic  soda).  (vegetable  oil).  (hard  soap).  (glycerine). 

Berthelot  has  succeeded  in  preparing  oil  artificially  from  oleic 
acid  and  glycerine  ;  and  it  is  said  to  be  identical  with  the  pure 
oleine  of  olive-  and  of  other  fixed  oils.  Hard  fats  chiefly  consist 
of  stearine — that  is,  of  tristearate  of  glyceryl  (C^'K^SG^^'R^p^). 
Mr.  Wilson,  of  Price's  Candle  Company,  obtains  stearic  and  oleic 
acids  and  glycerine  by  simply  passing  steam,  heated  to  500°  or 
600°  P.,  through  melted  fat.  Both  the  glycerine  and  fat-acids 
distil  over  in  the  current  of  steam,  the  glycerine  dissolving  in  the 
condensed  water,  the  fat-acids  floating  on  the  aqueous  liquid. 

The  author  finds  that  oleic  acid  readily  combines  with  alka- 
loids and  most  of  the  metallic  oxides  or  hydrates,  forming  oleates 
which  are  soluble  in  fats.  In  this  way  active  medicines  may  be 
administered  internally  in  conjunction  with  oils,  or  externally  in 
the  form  of  ointments. 

Soaps. — Olive-oil  boiled  with  solution  of  potash  yields  potas- 
sium soap,  or  soft  soap  (Sapo  Mollis,  B.  P.) ;  with  soda,  sodium 
soap,  or  hard  soap  (Sapo  Durus,  B.  P.) ;  mixed  with  ammonia, 
an  ammonium  soap  (Linimentum  Ammonice,  B.  P.)  ;  and  with 
lime-water,  calcium  soap  {Linimentmn  Calcis,  B.  P.), — all  oleates, 
chiefly,  of  the  respective  basylous  radicals.  Their  mode  of  forma- 
tion is  indicated  in  the  foregoing  equation.  The  alkali  soaps  are 
soluble  in  alcohol,  the  others  insoluble.  The  ofiicial  characters 
of  Hard  Soap  are  : — greyish- white,  dry,  inodorous ;  horny  and 
pulverizable  when  kept  in  dry  warm  air ;  easily  moulded  when 
heated :  soluble  in  rectified  spirit ;  not  imparting  an  oily  stain  to 
paper :  incinerated  it  yields  an  ash  which  does  not  deliquesce.'' 
And  of  Soft  Soap  : — yellowish- green,  inodorous,  of  a  gelatinous 
consistence  :  soluble  in  rectified  spirit ;  not  imparting  an  oily 
stain  to  paper  :  incinerated  it  yields  an  ash  which  is  very  deli- 
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quescent.''  Curd  Soap  {Sapo  Animcdis,  B.  ?.)  is  ^'  a  soap  made 
with  soda  and  a  purified  animal  fat,  consisting  principally  of 
stearin."  It  will,  of  course,  chiefly  contain  stearate  of  sodium. 
In  pharmacy  it  is  often  advantageously  employed  instead  of  the 
hard  soap." 

The  hard  soap  met  with  in  trade  is  made  from  all  varieties  of 
oil,  the  commoner  kinds  being  simply  the  product  of  the  evapo- 
rated mixture  of  oil  and  alkali ;  while  the  better  sorts  have  been 
separated  from  alkaline  impurities  and  the  glycerine  by  the 
addition  of  common  salt  to  the  liquors,  which  causes  the  precipi- 
tation of  the  pure  soap  as  a  curd.  Potash  soap  is  not  so  readily 
precipitable  by  salt. 

Bile,  the  gall  of  the  ox  (Bos  taurus,  Linn.),  freed  from  mucus 
by  agitatiug  with  twice  its  bulk  of  rectified  spirit  (in  which 
mucus  is  insoluble),  filtering,  and  evaporating,  yields  the  official 
Purified  Ox-Bile  (Fel  Bovinum  Purijicatum,  B.  P.) :  the  latter 
has  a  resinous  appearance,  but  is  chiefly  composed  of  two  crystal- 
line substances  having  the  constitution  of  a  soap ;  the  one  is 
termed  taurocholate  of  sodium  (INTaCggH^^lSrO^S),  the  other  is  gly- 
cocholate,  or  simply  cJiolate,  of  sodium  (NsJJ^JI^^'NOq),  Both  tauro- 
cholates  and  glycocholates  are  conjugated  bodies  readily  yielding, 
the  former  cholalic  acid  (HC^^HggO.)  and  taurine  (C^'K^'NO^S),  the 
latter  cholalic  acid  and  glycocine  or  glycocoU  {C^JL^'NO^),  a  soluble 
crystalline  body  having  interesting  physiological  relations,  inas- 
much as  it  is  obtainable  from  gelatine  (hence  the  name  glycoeoll 
or  sugar  of  gelatine,  from  yXvKvs^  glucus,  sweet,  and  /coXXa,  TcoTla, 
glue)  and  hippuric  acid.  The  presence  of  bile  in  a  liquid,  such  as 
urine,  is  detected  by  Pettenkofer's  test.  The  fluid  is  gradually 
mixed  with  half  its  bulk  of  strong  sulphuric  acid  in  a  test-tube, 
rise  of  temperature  beiug  prevented  by  partial  immersion  of  the 
tube  in  water.  A  small  quantity  of  powdered  white  sugar  is 
then  introduced  and  well  mixed  with  the  acid  liquid,  and  more 
sulphuric  acid  then  poured  in ;  as  the  temperature  rises  a  reddish 
or  violet  coloration  is  produced.  The  cholalic  acid  liberated  in 
the  reaction  furnishes  the  colour. 

Solid  Pats. — 1.  Lard  (Adeps  Prcejoaratus^  B.  P.)  is  the  purified 
internal  fat  of  the  abdomen  of  the  hog — the  perfectly  fresh  omen- 
tum or  flare,  washed,  melted,  strained,  and  dried.  2.  Benzoated 
Lard  (Adeps  Benzoatus,  B.  P.)  is  prepared  lard  heated  over  a 
water-bath  with  benzoin  (10  grains  per  ounce),  which  communi- 
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cates  an  agreeable  odour  and  prevents  or  retards  rancidity. 
Purified  lard  is  a  mixture  of  oleine  and  stearin e  ;  margarine^  the 
margarate  of  glyceryl,  was  formerly  supposed  to  be  a  constituent 
of  lard  and  other  soft  fats,  but  is  now  regarded  as  a  mere 
mixture  of  pcdmitine  (the  chief  fat  of  palm-oil)  and  stearine. 
3.  Yellow  Wax  (Cera  Flava,  B.  P.),  the  prepared  honeycomb  of 
the  Hive-Bee,  and  the  same  bleached  by  exposure  to  sunlight 
(4.  White  Wax,  Cera  Alha^  B.  P.),  according  to  Brodie,  is  chiefly 
a  mixture  of  Cerotic  Acid  (HC^^H.gO^),  Palmitate  of  Melissyl 
(CgQHg^C^gHy^OJ,  and  about  5  per  cent,  of  Geroleine^  the  body  to 
which  the  colour,  odour,  and  tenacity  of  wax  are  due.  5.  Sper- 
maceti  (Oetaceum,  B.  P.)  is  the  palmitate  of  cetyl  (CjgHggCjgHg^OJ 
or  cetine ;  when  saponified  it  yields  not  glycerine,  the  hydrate  of 
glyceryl  (CgH.SHO),  but  ethal,  the  hydrate  of  cetyl  (C^gHggllO)  ; 
it  is  the  solid  crystalline  fat  accompanying  sperm-oil  in  the  head 
of  the  spermaceti- whale.  6.  Suet,  the  internal  fat  of  the  abdo- 
men of  the  sheep,  purified  by  melting  and  straining,  forms  the 
official  Prepared  Suet  (Sevum  Prceparatum,  B.  P.)  ;  it  is  almost 
exclusively  composed  of  stearine  (CgH.SC^gllg.O^)*  Expressed 
oil  of  nutmeg  (Oleum  Myristicce  Expressum^  B.  P.),  commonly  but 
erroneously  termed  Oil  of  Mace,  is  a  mixture  of  a  little  volatile 
oil  with  much  yellow  and  white  fat,  the  latter  is  myristin  or 
myristate  of  glyceryl  (Cgll.SC^^H^^O^).  8.  Oil  of  theobroma,  or 
Cacao-butter  (Oleum  Theobromoe,  B.  P.),  chiefly  stearin,  is  a  solid 
product  of  the  roasted  and  roughly  crushed  seeds  or  cocoa  nibs  of 
the  Theobroma  cacao.  (These  also  furnish,  when  ground,  jlahe 
cocoa ;  or  when  ground  and  much  sweetened,  chocolate  ;  or,  with 
farina  and  some  sugar,  cocoa ;  or  with  a  portion  of  the  butter 
extracted,  "  cocoatina,"  etc.)  9.  Cocoa-nut  oil  or  butter,  a  soft 
fat  largely  contained  in  the  edible  portion  of  the  nut  of  Cocos 
nucifera,  or  common  cocoa-nut  of  the  shops,  a  body  containing 
glyceryl  united  with  no  less  than  six  difierent  univalent  acidulous 
radicals,  namely,  the  caproic  (C^'R^fi^),  caprylic  (C^H^gO.^),  rutic 
(^loHigO,),  lauric  (C^.'H.^fi;),  myristic  (C^.H^.O,),  and  palmitic 
(C^gHgjO^) — radicals  which,  like  some  from  common  resin,  when 
united  with  sodium,  form  a  soap  differing  from  ordinary  hard 
soap  (oleate  of  sodium)  by  being  tolerably  soluble  in  a  solution  of 
chloride  of  sodium ;  hence  the  use  of  cocoa-nut  oil  and  resin  in 
making  marine  soap,  a  soap  which,  for  the  reason  just  indicated, 
readily  yields  a  lather  in  sea-water.  10.  KoJcum  Butter,  Garcinia 
Oil,  or  Concrete  Oil  of  Mangosteen,  a  whitish  or  yellowish-white 
fat  obtained  from  the  seeds  of  Garcinia  indica  or  6r.  purpurea,  is 
composed  of  stearine,  myristicine,  and  oleine.    It  is  recognized 
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officially  in  the  Pharmacopoeia  of  India  {Garcinice  purjnirece 
Oleum), 

EixED  Oils. — Fiojed  and  Volatile  oils  are  naturally  distin- 
guished by  their  behaviour  when  heated ;  they  also  generally  differ 
in  chemical  constitution — a  fixed  oil  being,  apparently,  a  combina- 
tion of  a  basylous  with  an  acidulous  radical,  while  a  volatile  oil 
is  more  commonly  a  neutral  hydrocarbon  or  the  same  oxidized. 

Drying  and  Non-drying  Oils. — Among  fixed  oils,  most  of  which 
are  oleate  with  a  little  palmitate  and  stearate  of  glyceryl,  a  few, 
such  as,  1,  linseed-oil  {Oleum  Lini,  B.  P.,  contained  in  Lini 
Semina,  B.  P.,  the  ground  residue  of  which,  after  removal  of  much 
oil,  is  linseed  meal,  Lini  Farini,  B.  P.),  and,  2,  cod-liver  oil  (Oleum 
Morrhuce,  B.  P.),  and,  to  some  extent,  castor  and  croton,  are  known 
as  drying  oils,  from  the  readiness  with  which  they  absorb  oxygen 
and  become  hardened  to  a  resin.  Linseed  commonly  contains 
37  or  38  per  cent,  of  oil ;  25  to  27  per  cent,  is  obtained  by  sub- 
mitting the  ground  seeds  to  hydraulic  pressure,  10  or  12  per 
cent,  remaining  in  the  residual  oil-cahe.  Boiled  oil  is  linseed-oil 
which  has  been  boiled  with  oxide  of  lead.  This  treatment  in- 
creases the  already  great  tendency  of  linseed-oil  to  resinify,  form- 
ing linoxyn^  (C^^H.p^^)  on  exposure  to  air.  The  drying  oils  ap- 
pear to  contain  linoleine,  an  oily  body  distinct  from  oleine.  Among 
the  non-drying  oils  are  the  following : — 3.  Almond-oil,  indifi'er- 
ently  yielded  by  the  bitter  (Amygdala  Amara,  B,  P.)  or  sweet 
seed  (Amygdala  Dulcis,  B.  P.)  to  the  extent  of  45  and  50  per 
cent,  respectively.  4.  Croton-oil  (Oleum  Crotonis,  B.  P.).  Geu- 
ther  states  that  no  such  acid  as  crotonic  is  obtainable  from  croton- 
oil,  but  acetic,  butyric,  valerianic,  and  higher  members  of  the 
oleic  series,  together  with  tiglic  acid,  HCgll^O^.  5.  Lycopodium, 
a  yellow  powder  composed  of  the  spores  of  the  common  Club- 
Moss  (Lycopodium  clavatum),  contains  a  large  proportion  of  a  very 
fluid  fixed  oil.  6.  Olive-oil  (Oleum  Olivce,  B.  P.),  already  noticed. 
7.  Castor-oil  (Oleum  Hicini,  B.  P.),  a  ricinoleate  of  glyceryl 
(C^'R.SC^^'K^^O^)  or,  ricin oleine,  a  slightly  oxidized  oleine,  soluble, 
unlike  most  fixed  oils,  in  alcohol.  Castor-oil  seeds  are  stated,  by 
Tuson,  to  contain  an  alkaloid,  ricinine.  It  possesses  no  purgative 
property.  8.  Oil  of  male  fern  (Filicc  Mas,  B.  P.),  a  vermifuge  ob- 
tained by  exhausting  the  rhizome  with  ether  and  removing  the 
ether  by  evaporation — a  dark-coloured  oil  containing  a  little 
volatile  oil  and  resin,  and  officially  termed  an  extract  (Eoctractvm 
Filicis  Liquidum,  B.  P.).  Its  chief  active  constituent  appears  to 
he  filicic  acid,  C^^H^gOg.  9.  Pixed  oil  of  mustard,  a  bland  inodo- 
rous, yellow  or  amber  oil,  yielding,  by  saponification  and  action  of 
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sulphuric  acid,  glycerine,  oleic  acid,  and  'eriicic  acid  (KC^^H^fi^) 
(Darby).  10.  A^^acJiis-oil  (Oleum  Aracliis,  P.  I.)  is  found  to  the 
extent  of  40  or  50  per  cent,  in  the  seeds  of  the  Arachis  liypogcea 
(P.  I.),  the  Ground-nut  or  Earth-nut  (so-called  because  the  pod 
of  the  herb  in  the  growth  of  its  stalk  downwards  is  forced  beneath 
the  surface  of  the  ground  and  there  ripens).  It  is  chiefly  olein, 
but  contains  hypogsein,  palmitin,  and  arachin.  The  oil  is  largely 
used  in  India  in  the  place  of  olive-oil,  and  is  becoming  much  em- 
ployed in  Europe,  especially  for  soap-making.  11.  Sesame-oil 
(Gingelly,  Teal,  or  Eenne  Oil),  from  the  seeds  of  Sesamum  indicum, 
is  also  largely  used  in  Europe.    It  has  most  of  the  characters  of 
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the  best  olive-oil.  12.  'SharJc-liver  oil,  from  Squalus  carcliarias 
{Oleum  Squalce,  P.  I.),  is  used  to  some  extent  as  a  substitute  for 
cod-liver  oil  in  India. 

Their  physical  qualities  and  the  formulae  of  their  acidulous 
radicals  show  that  the  fatty  bodies  are  closely  related,  and  indi- 
cate that  the  natural  processes  by  which  they  are  formed  are  probably 
as  closely  related.  The  preceding  Table  (see  p.  515),  from  Miller's 
^  Elements  of  Chemistry,'  well  shows  the  homology  of  the  fat- 
acids,  and  gives  their  names,  formulae,  melting-points,  boiling- 
points,  and  natural  and  artificial  sources.  For  further  informa- 
tion respecting  these  acids  and  their  isomers,  the  reader  is  re- 
ferred to  the  Index,  to  works  on  '  Organic  Chemistry,'  to  larger 
chemical  works,  or  to  Watts' s  '  Dictionary  of  Chemistry.' 


QUESTIOI^S  AND  EXEECISES. 

824.  Give  a  sketch  of  the  general  chemistry  of  fixed  oils,  fats, 
and  soaps. 

825.  What  is  the  difierence  between  Hard  and  Soft  Soap  ? 

826.  Which  soaps  are  official? 

827.  Kame  the  source  of  lard,  and  state  how  "Prepared  Lard" 
is  obtained. 

828.  State  the  composition  of  Bees'  Wax. 

829.  In  what  does  Spermaceti  difier  from  other  solid  fats  ? 

830.  Mention  the  chief  constituent  of  Suet. 

831.  Whence  is  Cacao-Butter  obtained? 

832.  Why  is  marine  soap  so  called  ?  and  from  what  fatty  matter 
is  it  almost  exclusively  prepared  ? 

833.  What  do  you  understand  by  drying  and  non-drying  oils  ? 

834.  In  what  respect  does  Castor-Oil  differ  from  other  oils  ? 

835.  How  is  oil  of  male  fern  {Ex.  Filicis  Liquidiim)  prepared? 

836.  Mention  the  sources  and  formulae  of  the  following  fat- 
acids  : — formic,  acetic,  propionic,  butyric,  valerianic,  caproic, 
cenanthylic,  caprylic,  pelargonic,  and  rutic. 


Volatile  Oils. — The  Volatile  or  Essential  Oils  exist  in  various 
parts  of  plants  probably  as  mere  combinations  of  carbon  and 
hydrogen  ;  but  such  hydrocarhons  are  prone  to  change  when  in 
contact  with  oxygen  or  moisture ;  hence  these  liquids  as  they  occur 
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in  pharmacy  are  usually  mixtures  of  liquid  hydrocarbons  or  elce- 
optens  (from  eXaiov,  elaion,  oil,  and  o-KTOfxai,  optomai,  I  see)  with 
oxidized  hydrocarbons,  which  are  commonly  solid  or  camphor- 
like bodies  termed  stearoptens  (from  areap,  stear,  suet).  Among 
the  oxidized  hydrocarbons  occur  several  aromatic  aldehyds :  these, 
like  ordinary  aldehyds,  form  stable  crystalline  compounds  with 
acid  sulphite  of  sodium.  On  cooling  a  volatile  oil,  a  stearopten 
often  crystallizes  out ;  or  on  distilling  an  oil,  it  remains  in  the 
retort,  being  less  volatile  than  an  elssopten.  Volatile  oils  should, 
obviously,  be  preserved  in  well- closed  bottles. 

The  process  by  which  volatile  oils  are  usually  obtained  from 
herbs,  flowers,  fruits,  or  seeds  may  be  imitated  on  the  small 
scale  by  placing  the  material  (bruised  cloves  or  caraways  for 
instance)  in  a  tubulated  retort,  adapting  the  retort  to  a  Liebig's 
condenser,  and  passing  steam,  generated  in  a  Plorence  flask, 
through  a  glass  tube  to  the  bottom  of  the  retort.  The  steam  in 
its  passage  through  the  substance  will  carry  the  particles  of  oil 
over  the  neck  of  the  retort  into  the  condenser,  and  thence,  liquefied 
and  cooled,  into  the  receiving  vessel,  where  the  oil  will  be  found 
floating  on  the  water.  It  may  be  collected  by  running  off  the 
distillate  through  a  glass  funnel  having  a  stopcock  in  the  neck, 
or  by  letting  the  water  from  the  condenser  drop  into  an  old  test- 
tube  which  has  a  small  hole  in  the  bottom,  or  any  similar  tube 
placed  in  a  larger  vessel,  the  water  and  oil  being  subsequently 
run  off  separately  from  the  tube  as  from  a  pipette.  The  water 
will  in  most  cases  be  the  ordinary  official  medicated  water  of  the 
material  operated  on  (Aqua  Aurantii  Floris,  Anethi,  Oarui,  Cin- 
namomi,  Foeniculi,  Mentlice  Piperita^.,  Mentlim  Viridis,  Pimentce, 
RoscE — from  Roscb  Centifoltce  Petala,  B.  P., — Samhuci).  Volatile 
oils,  like  fixed  oils,  stain  paper ;  but  the  stain  of  the  former  is  not 
permanent  like  that  of  the  latter.  Oils  of  lemon  and  orange  are 
sometimes  obtained  by  mere  pressure  of  the  rind  of  the  fruit. 

The  presence  of  alcohol  in  an  essential  oil  may  be  detected  and 
its  quantity  estimated  by  slaking  with  an  equal  bulk  of  pure  gly- 
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cerine.  The  latter  dissolves  the  alcohol  and  is  augmented  in 
volume  according  to  the  amount  of  alcohol  present  (Boettger). 

A  large  number  of  volatile  oils  are  employed  in  medicine,  either 
in  the  pure  state,  in  the  form  of  saturated  aqueous  solution  (me- 
dicated waters),  solution  in  spirit  of  wine,  1  in  5  {Essentia  Anisi 
and  Essentia  Menthce  Piperita,  B.  P.)  and  1  in  50  (Spiritus  Ca~ 
jupiiti,  Juniperi,  Lavandula,  Menthce  jpiperitce,  Myristicm,  Hos- 
marini),  or  as  leading  constituents  in  various  barks,  roots,  leaves, 
etc.    Perfumes  ('^  scents  "  or  "  essences,"  including  "  Lavender- 
Water  "  and  "Eau  de  Cologne  ")  are  for  the  most  part  solutions 
of  essential  oils  in  spirit  of  wine,  or  spirituous  infusions  of  mate- 
rials containing  essential  oils.    The  following  oils  are,  directly  or 
indirectly,  official  in  the  Pharmacopoeias : — 1.  Volatile  oil  of  Bitter 
Almond  (p.  464).   2.  Oil  of  the  fruits  of  Ajwain  or  Omum^  Carum 
Ajowan,  or  Ptychotis  Ajowan  (Fructus  Ptychotis,  P.  I.),  contains 
ci/mol  or  cymene  (C^qH^^)  and  a  stearopten  {Ajwain-ha-pliid, 
flowers  of  ajwain)  identical  with  thymol,  C^qH^^O.    3.  Oil  of  Dill 
{Oleum  Anethi,  B.  P.),  a  pale,  yellow,  pungent,  acrid  liquid  dis- 
tilled from  dill-fruit ;  it  contains  a  hydrocarbon,  anethene  (C^^H^g), 
and  an  oxidized  oil  (C^qH^^O)  identical  with  the  carvol  of  oil  of 
caraway  (Gladstone).    4.  Oil  of  Aniseed  {Oleum  Anisi,  B.  P.),  a 
colourless  or  pale  yellow  liquid,  of  sweetish  warm  flavour,  distilled 
in  Europe  from  the  Anise-fruit  {Pimpinella  anisum),  and  in  China 
from  the  fruit  of  Star-Anise  {Illicium  anisatum) ;  it  is  a  mix- 
ture of  a  hydrocarbon  isomeric  with  oil  of  turpentine  and  anethol^ 
a  stearopten  (C^qH^J  which  crystallizes  out  at  low  temperatures. 
5.  Oil  of  Chamomile  {Oleum  Anthemidis,  B.  P.),  a  bluish  or,  when 
old,  yellow  oil,  of  characteristic  odour  and  taste,  distilled  from 
chamomile-flowers  {Anthemidis  jlores,  B.  P.).  The  official  variety 
{Anthemis  nohilis)  yields  about  0*2  per  cent,  of  an  oil  composed 
of  a  hydrocarbon  (C^gll^g)  and  an  oxidized  portion  (C^^H^gO^)  which, 
heated  with  potash,  gives  angelate  of  potassium  {KC^Il^O^),  whence 
is  obtained  angelic  acid  (HC.H^O^).    According  to  Demargay  the 
oil  is  a  mixture  of  the  angelates  of  butyl  and  amyl  and  similar 
bodies.    The  flowers  of  another  variety  {Matricaria  chamomilla) 
contain  a  stearopten  (C^^H^gO)  having  the  composition  of  laurel- 
camphor.    6.  Oil  of  Horseradish-root  {Armoracice  Radix,  B.  P.) 
is,  according  to  Hofmann,  the  sulphocyanate  of  butyl  or  tetryl 
(C^Hj^CNS ) :  it  is  the  chief  active  ingredient  of  Spiritus  Armoracice 
Compositus,  B.  P.    7.  Oil  of  Bitter- Omn^^  rind  {Aurantii  Cortex, 
B.  P.,  Aurantii  Fructus^  B.  P.),  the  flavouring  constituent  of  the 
official  syrup  of  the  peel  {Syrupus  Aurantii,  B.  P.),  and  the  oils  of 
various  species  of  Citrus,  namely,  8,  lemon  {Oleum  Limonis,  B.  P.), 
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9,  lime,  10,  hergamot,  11,  citron  and  a  variety  of  citron  termed  cedra, 
resemble  each,  other  in  composition,  all  containing  /i^sp^rzc/me,  a  hy- 
drocarbon (C^ylljg),  and  a  smaU  quantity  of  oxidized  hydrocarbons 
(C,„H,,0,,  C,,3H,,0,  and  (Wright  and  Piesse)  C,,H3,03).  12.  Oil 
of  Neroli  or  Orange- Flower^  tbe  aqueous  solution  of  wbicb  is 
ofl&cial  in  the  forms  of  water  {Aqua  Aurantii  Floris^  B.  P.)  and 
syrup  (Syrujpus  Aurantii  Floris,  B.  P.),  contains  a  fragrant  hy- 
drocarbon (Cj^H^g),  colourless  when  fresh,  but  becoming  red  on 
exposure  to  light,  and  an  inodorous  oxidized  hydrocarbon. 
13.  Oil  of  Petit  Grain^  distilled  from  the  leaves  and  shoots  of  the 
Orange-tree,  consists  chiefly  of  a  hydrocarbon  apparently  identical 
with  that  of  oil  of  neroli.  14.  The  leaves  of  Boldo  (Peumus 
holdus),  a  Chilian  shrub  (tonic  and  hepatic),  yield  two  per  cent, 
of  essential  oil  (and,  according  to  Bourgon  and  Yerne,  an  alkaloid, 
holdine).  15.  Oil  oi Buchu-leaves  {Buchu  Folia,  B.  P.)  consists  of  a 
hydrocarbon  holding  in  solution  a  crystalline  stearopten.  16.  Oil 
of  Cannabis  indica,  see  p.  525.  17.  Oil  of  (the  lesser)  Cardamoms^ 
from  the  seeds  of  the  capsules  (Oardamomum,  B.  P.),  is  chiefly  a 
hydrocarbon  (C^gH^g)  isomeric  with  oil  of  turpentine  and  a  cam- 
phor resembling  turpentine-camphor  (C^gH^gSHgO).  18.  Oil  of 
Cajuput  (Oleum  Cajiiputi^  B.  P.)  is  a  mobile  bluish  liquid,  con- 
sisting chiefly  of  hydrous  cajuputene  or  cajujputol  (Cj^H^g,  H^O). 
The  latter,  repeatedly  distilled  from  phosphoric  anhydride,  yields 
cajuputene  itself  (Cj^H^g),  which  has  the  odour  of  hyacinths.  Presh 
cajuput- oil  has  a  green  hue,  which  is  perhaps  transient,  for  the 
colour  of  the  oil  of  trade  is  due  to  copper  (Guibourt  and  Histed) : 
certainly  the  green  colouring-matter  of  pure  cajuput-oil  is 
organic.  19.  Oil  of  Caraway-iiuit  (Oleum  Carui,  B.  P.)  is  a 
mixture  of  carvene  (C^^JL^^)  and  carvol  (C^qH^P).  20.  Oil  of 
Cloves  (Oleum  Caryopliylli^  B.  P.)  ondi  oi  Pimento  (Oleum  Pimentce, 
B.  P.),  both  heavier  than  water,  contain  a  liquid  hydrocarbon 
(C.^gBLgJ,  eugenic  acid  (C^qH^^^o)?  ^  solid  body,  eugenin,  isomeric 
with  the  eugenic  acid,  a  second  crystalline  substance,  caryophyllin 
(CjoH^gO),  isomeric  with  common  camphor,  and  a  salicylic  com- 
pound. 21.  Oil  of  Cascarilla-hdiTk  (Cascarillce  Cortex,  B.  P.)  has 
not  been  fully  examined.  22.  Oil  of  Ci7inamon-hQ.Yk  (Cinnamomi 
Cortex,  B.  P.)  and  of  Cassia-hark  is  mostly  hydride  of  cinnamyl 
or  cinnamic  aldehyd  (Cgll^OH).  Boiled  with  nitric  acid  it  fur- 
nishes hydride  of  benzoyl  (C^H.OH)  and  benzoic  acid  (HC^H.O^), 
with  chloride  of  lime  yields  benzoate  of  calcium  (Ca2C^II,02),  and 
with  caustic  potash  gives  cinnamate  of  potassium  (KCgH^O^). 
The  specific  gravity  of  oil  of  cinnamon  (Oleum  Cinnamomi,  B.  P.) 
varies  from  1*025  to  1-050.    23.  Oil  of  Citronella,  a  Grass  Oil, 
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from  Andropogon  nardus,  is  chiefly  composed  ofcitronellol  (C^^Ji^  fi 
and  C\qH^^O,  Wright),  probably  isomeric  with  the  ahsinthol  of 
wormwood  (Gladstone).  24.  Oil  of  Copaiva  {Oleum  Copaihce, 
B.  P.)  and,  25,  of  Ouhehs  (Oleum  Ouhehce,  B.  P.)  are  hydrocarbons 
having  the  formula  C^.H^^.  This  cuhehene  is  sometimes  associated 
with  a  camphor,  Tiydrom  cuhehene  (C^.H^^,  H^O).  26.  Oil  of  Co- 
riander {Oleum  Ooriandri,  B.  P.)  seems  to  have  the  composition 
of  hydrous  oil  of  turpentine  (C^^'S.^gKJJ),  27.  The  fruits  of  Cumin 
or  Cummin  {Cumiiium  cyminum),  an  ingredient  of  many  curry- 
powders,  contains  about  3  per  cent.,  and  those  of  Water  Hemlock 
or  Cowhane  (Cicuta  virosa)  about  1^  per  cent,  of  an  essential  oil 
composed  of  Cym,ol  or  Cymene  (C^qH^J,  and  Cuminol  (C^^H^^O). 
The  latter  is  an  aldehyd  readily  uniting  with  alkaline  bisulphites 
and  by  oxidation  yielding  Cuminic  acid  (C^^Hj^O^).  Cymol  also 
occurs  in  Garden  Thyme  {Thymus  vulgaris),  28.  Eucalyptus  glo- 
hidus  furnishes  an  oil  the  more  volatile  and  chief  portion  of  which 
is  eucalyptol  (C^pII^^  +  2C^oHjg).  29.  Elecampane-root  {Inula 
Helenium)  by  distillation  with  water  yields  solid  volatile  helenin 
(CgH^O)  and  alantcamphor  {Q^^^Jd)  and  a  little  volatile  oil.  30. 
Oil  of  Fennel-iimi  {Foeniculi  Fructus,  B.  P.)  differs  in  odour,  but 
contains  the  same  proximate  constituents  as  oil  of  anise.  31. 
Oil  of  Geranium,  or  Ginger  Grass  oil,  is  from  Andropogon  schoenan- 
thus,  and  contains  geraniol  {Q^^^fi).  32.  Grains  of  Paradise 
{Amomum  melegueta),  Guinea  Grains  or  Melegueta  Pepper,  Se- 
mina  Cardamomi  Majoris^  contain  essential  oil  (C^QH^g  and  C^QH^gO) 
and  a  highly  pungent  resin.  33.  Oil  of  Juniper  {Oleum  Juniperi, 
B.  P.)  contains  a  hydrocarbon  (C^gH^g)  which  by  contact  with  water 
yields  a  white  crystalline  hydrous  compound  (C^QH^gH^O)  and  a 
polymeric  hydrocarbon  {C^^IL^^),  34.  Oil  of  Lavender  (Oleum 
Lavandulce,  B.  P.)  contains  a  hydrocarbon  which  by  oxidation 
yields  common  camphor.  35.  Oil  or  butter  or  camphor  of  Orris 
(Iris  florentina)is  a  soft  solid  lighter  than  water.  Pliicldger  and 
Hanbury  found  it  to  be  chiefly  myristic  acid  associated  with  a  little 
essential  oil.  36.  Oil  of  Peppermint  (Oleum  MenthcB  Piperitce, 
B.  P.)  consists  of  a  hj^drocarbon,  menthene  (C^qH^^),  different  from 
that  of  most  volatile  oils,  and  hydrous  menthene  (C^qH^^H^O), 
a  crystalline  stearopten.  37.  Oil  of  Spearmint  (Oleum  Mentha? 
Viridis,  B.  P.),  the  Common  Mint  of  the  kitchen  garden,  contains 
a  liquid  having  the  formula  Q^^^Jd  or  Cj^H^gH^O,  also,  according 
to  Gladstone,  menthol  (C^qH^^O),  isomeric  with  carvol.  38.  Oil  of 
Pennyroyal  (Mentha  pulegium)  contains,  according  to  Kane, 
C^oH^gO.  39.  Oil  of  Nutmeg  ( Oleum  Myristicce,  B.  P.)  is  composed 
of  a  hydrocarbon,  myristicene  (C^^H^g),  and  myristicol  (Cj^H^gO) — 
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Gladstone.  Mace^  the  arillus  or  net-like  envelope  of  the  nutmeg, 
appears  to  yield  similar  bodies.  40.  Oil  or  Otto  or  Attar  of 
Cahhage-Rose  petals  {Eosce  Centifolice  Petala^  E.  P.)  gives  the 
fragrance  to  Rose-water  (Aqua  Bosce^  B.  P.).  It  resembles  most 
other  volatile  oils  in  being  composed  of  a  hydrocarbon  and  an 
oxidized  portion,  but  differs  from  all  in  this  respect,  that  the 
hydrocarbon  is  solid  and  is  destitute  of  odour,  while  the  oxy- 
genated constituent  is  liquid  and  the  source  of  the  perfume. 
According  to  Pliickiger  the  solid  hydrocarbon  (C^gH^g)  yields 
succinic  acid  as  the  chief  product  of  its  oxidation  by  nitric  acid, 
and  in  other  respects  affords  evidence  of  belonging  to  the  paraffin 
series  of  fats.  41.  Oil  of  Rosemary-tops  {Oleum  Rosmarini^  B.  P.) 
chiefly  consists  of  a  hydrocarbon  (C^^H^g)  resembling  that  from 
Myrtle,  Myrtus  communis^  but  also  contains  oxygenized  oil,  and 
stearopten  in  variable  proportions.  42.  Oil  of  Rue  (Oleum  Rutce, 
B.  P.)  contains  a  small  quantity  of  hydrocarbon  (C^^H^g)  with 
some  rutic  aldehyd  (C^qH^qO),  but,  according  to  Greville  Williams, 
is  chiefly  euodic  aldehyd  (C^^H^gO),  some  lauric  aldehyd  (Q^fi^fi) 
also  being  present.  Gorup-Besanez  and  Grimm  have  obtained 
oil  of  rue  (Q^^H^fi)  artificially  as  one  of  the  products  of  the  de- 
structive distillation  of  acetate  and  caprate  of  calcium.  43.  Oil 
of  Savin  (Oleum  Sahince^  B.  P.)  is  isomeric  with  oil  of  turpentine 
(C^qH^J.  44.  Oil  of  Elder-flowers  (Samhuci  Flores^  B.  P.)  occurs 
in  very  small  quantity ;  it  has  a  butyraceous  consistence  :  it 
contains  a  hydrocarbon,  sambueene  (C^^H^g),  and  probably  a  cam- 
phor. 45.  Oil  of  Sandal-ivood  has  not  been  thoroughly  examined. 
It  occurs  to  the  extent  of  about  1  per  cent,  in  the  fragrant  white 
or  yellow  sandal- wood  of  India,  tantalum  alburn^  a  small  tree  of  the 
natural  order  Santalacese,  and  not  to  be  confounded  with  the  Fte- 
rocarpus  santalinus,  a  tree  of  the  natural  order  Leguminosee,  and 
furnishing  the  inodorous  Red  Sandal-wood  or  Red  Sander's  Wood 
of  the  dyer.  46.  Oil  of  Sassafras-root,  sp.  gr.  1*094  (Sassafras 
Radix,  B.  P.),  yields  safren  (C^oH^g)  and  large  quantities  of  a  stea- 
ropten, safrol  or  sassafrol  (^^^^Jd^.  47.  Oil  of  Mustard  (Oleum 
Sinapis,  B.  B.)  is  the  sulphocyanate  of  allyl  (p.  501).  If  adulterated 
with  alcohol,  its  sp.  gr.  is  below  1*015.  48.  Oil  ofSiveet  Flag  (Acorus 
calamus)  contains  the  hydrocarbon  Cj^H^g.  (The  rhizome  also 
contains  Acorin,  a  bitter  glucoside.)  49.  Oil  of  Turpentine  (Oleum 
TerehinthincB,  B.  P.).  Turpentine  itself  is  really  an  oleo-resin  of 
about  the  consistence  of  fresh  honey.  It  flows  naturally  or  by 
incision  from  the  wood  of  most  coniferous  trees,  larch  (Larix 
Europcea)  yielding  Venice  turpentine,  Abies  balsamea  furnishing 
Canadian  Turpentine  or  Canada  Balsam  (Terebinthina  Cana- 


522 


FATTY  BODIES. 


densis,  B.  P.),  Pistacliia  terehinthus  tlie  variety  termed  Cliian 
Turpentine,  and  the  Pinus  palustris,  P.  ahies,  P,  pinaster,  and  P. 
toeda  affording  common  American  Turpentine.  Pinus  maritima 
gives^^the  French  or  Bordeaux  Turpentine,  and  P.  picea  the  old 
fragrant  Strasburg  Turpentine.  By  distillation  turpentine  is 
separated  into  rosin  or  resin  (p.  524),  which  remains  in  the  still, 
and  essential  oil  of  turpentine,  often  termed  simply  turpentine, 
spirit  of  turpentine,  or  "  turps, ''^  which  distils  over.  Mixed 
with  alkali  to  saturate  resinous  acids,  and  redistilled,  oil  of  tur- 
pentine furnishes  rectified  oil  of  turpentine.  Under  the  influence 
of  heat,  chemical  agents,  or  both,  oil  of  turpentine  (C^gH^g)  yields 
many  derivatives  of  considerable  chemical  interest.  50.  Oil  of 
common  garden  Thyme  {Thymus  vulgaris)  is  composed  of  cymene 
or  cymol  (C^qH^^),  thymene  (C^^H^g),  and  thymol  (C^^^H^^O).  51. 
Oil  of  Turmeric  ( Curcuraa  longa)  resembles  thymol.  52.  Oil  of 
Valerian-root  (Valeriance  Radix,  B.  P.)  is  a  mixture  of  a  hydro- 
carbon, valerene  or  horneene  (C^^H^g),  and  valerol  (CgHj^O).  Ya- 
lerol  slowly  oxidizes  to  valerianic  acid,  known  by  its  smell.  A 
similar  change  occurs  at  once  if  oil  of  valerian  be  allowed  to  fall, 
drop  by  drop,  on  heated  caustic  potash :  CgHj^O  +  3KH0  +  H^O  = 
'KJuO^-^lL0Jlfi^-\-d>^^.  By  the  action  of  sulphuric  acid  on  the 
valerianate  of  potassium  thus  produced,  valerianic  acid  is  obtained. 
53.  Oil  of  Verbena,  Lemon  Grass  Oil,  or  Indian  Melissa  Oil,  is 
obtained  from  Andropogon  citratus  {Oleum  Andropogi  Citrati, 
P.  I.).  54.  Oil  of  Ginger  {Zingiber,  B.  P.)  has  the  composition 
of  hydrous  oil  of  turpentine.  The  pungent  taste  of  ginger  is  due 
to  a  resin. 

Camphoes. — In  addition  to  the  stearoptens  or  camphors  already 
mentioned  as  being  contained  in  or  formed  from  volatile  oils, 
there  is  one  that  is  a  common  article  of  trade.  It  is  obtained 
from  the  wood  of  Camphora  officinarum,  or  Camphor-Laurel,  in 
Japan  (termed,  in  Europe,  Dutch  camphor  because  imported  by 
the  Dutch)  and  in  China  (known  as  Formosa  camphor),  by  a  rough 
process  of  distillation  with  water,  and  is  resublimed  in  this 
country  {Camphora,  B.  P.).  The  formula  of  laurel-camphor  is 
Cj^H^gO.  Bromine  heated  with  camphor  gives  monobrom- camphor 
(C^yll^^BrO)  and  hydrobromic  acid.  Monobrom  -  camphor  is 
camphor  in  each  molecule  of  which  an  atom  of  hydrogen  has 
been  displaced  by  one  of  bromine.  Recrystallized,  it  occurs  in 
white  prisms.  The  essential  oil,  from  which  doubtless  camphor 
is  derived  by  oxidation,  is  easily  obtained  from  the  wood,  and  is 
occasionally  met  with  in  commerce  under  the  name  of  liquid 
camphor  or  camphor-oil ;  its  formula  is  C^^K^fi ;  by  exposure  to 
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air  it  becomes  oxidized  and  deposits  common  camphor,  2C20H32O  -f 
02  =  4CjQHjgO.  Camphor  distilled  with  phosphoric  anhydride 
yields  cymol,  C^qH^^.  There  is  another  kind  of  camphor,  in 
European  markets  less  common  than  laurel- camphor,  but  highly 
esteemed  by  the  Chinese  :  it  is  obtained  from  the  Dryohalanops 
aromatica,  and  denominated  Sumatra  or  Borneo  camphor.  It 
differs  slightly  from  laurel- camphor  in  containing  more  hydrogen, 
its  formula  being  C^qH^^O.  It  is  accompanied  in  the  tree  by  a 
volatile  oil  (C^^H^g)  isomeric  with  oil  of  turpentine.  This  oil, 
horneene,  is  also  occasionally  met  with  in  trade  under  the  name 
of  liquid  camphor  or  camplior-oil,  but  differs  from  laurel-camphor 
oil  in  not  depositiDg  crystals  on  exposure  to  air. 

Camphor  is  soluble  to  a  slight  extent  in  water  (40  grains  per 
gallon,  Pooley).  The  official  Camphor- water  {Aqua  Camphorce, 
B.  P.),  or  Camphor  mixture^  is  such  a  solution. 

Common  camphor,  and  many  other  of  the  camphors,  oily 
hydrocarbons,  and  oxidized  hydrocarbons,  yield  camphoric  acid 
(CjpH^gO^)  and  camphor etic  acid  (C^qH^^O^)  when  attacked  by  strong 
oxidizing  agents.    Such  reactions  indicate  natural  relationships. 

Cantharidin  (CgHgO^?),  the  active  blistering  principle  of  can- 
tharides  (Cantharides,  B.  P.)  and  other  vesicating  insects  (such 
as  Mylatris  cichorii  or  Telini  Fly,  P.  I.,  common  in  India),  has 
most  of  the  properties  of  a  camphor  or  stearopten.  It  slowly 
crystallizes,  from  an  alcoholic  tincture  of  the  beetles,  in  fusible, 
volatile,  micaceous  plates.  The  following  process  for  the  ex- 
traction of  cantharidin  is  by  Eumouze  : — Powdered  cantharides 
are  macerated  with  chloroform  for  twenty-four  hours ;  and  this 
treatment  is  repeated  twice  with  fresh  quantities  of  solvent,  the 
residue  having  been  well  squeezed  each  time.  The  collected 
solutions  are  then  distilled,  and  the  dark  green  residue  treated 
with  bisulphide  of  carbon,  which  dissolves  fatty,  resinous,  and 
other  matters,  and  precipitates  the  cantharidin.  The  precipitate 
is  thrown  on  a  filter,  washed  with  bisulphide  of  carbon,  and  re- 
crystallized  from  chloroform.  The  same  process,  omitting  the 
final  recrystallization,  may  be  used  for  the  quantitative  estimation 
of  cantharidin  in  cantharides.  The  average  quantity  found  is 
from  four  to  five  parts  in  one  thousand.  Cantharidin  is  readily 
soluble  in  warm  glacial  acetic  acid  (Tichborne)  and  in  acetic 
ether. 

Massing  and  Draggendorf  consider  cantharidin  to  be  an  anhy- 
dride (CgligO^),  and  that  with  the  elements  of  water  it  forms  can- 
tharidic  acid  (H^CgllgOg).  A  cantharidate  of  potassium  has  the 
composition  KHC.HgOg. 
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QUESTION'S  ATO  EXEECISES. 

837.  How  do  volatile  oils  usually  differ  chemically  from  fixed 
oils  ? 

838.  What  are  the  general  chemical  characters  of  volatile  oils  ? 

839.  Describe  the  usual  process  by  which  volatile  oils  are 
obtained. 

840.  Mention  the  differences  in  composition  between  the 
volatile  oils  of  Anthemis  nohilis  and  Matricaria  cJiamomilla, 

841.  Give  the  systematic  name  of  oil  of  horseradish. 

842.  State  the  general  composition  of  the  oils  of  lemon,  lime, 
bergamot,  citron,  and  cedra. 

843.  IN'ame  the  constituents  of  oil  of  cloves. 

844.  In  what  respect  does  oil  (or  otto)  of  roses  differ  from 
other  volatile  oils  ? 

845.  To  what  class  of  substances  do  the  constituents  of  oil  of 
rue  belong  ? 

846.  How  does  natural  turpentine  differ  from  the  turpentine 
of  trade  ? 

847.  With  what  object  is  commercial  turpentine  rectified? 

848.  How  is  camphor-oil  related  to  camphor  ? 

849.  In  what  respects  do  Borneo  or  Sumatra  camphor  and 
camphor- oil  differ  from  the  corresponding  products  of  Japan  and 
China  ? 

850.  What  is  the  nature  of  cantharidin  ? 


EESIISTOID  SUBSTAl^CES. 

EESmS,  OLEO-EESINS,  GTJM-EESINS,  BALSAMS. 

Resins  occur  in  plants  generally  in  association  with  volatile 
oils.  They  closely  resemble  camphors  or  stearoptens,  but  are  not 
volatile,  and  differ  from  oils  and  fats  mainly  in  being  solid  and 
brittle.  Oleo-resins  are  mixtures  of  a  resin  and  a  volatile  oil. 
Gum-resins  are  mixtures  of  a  resin  or  oleo-resin  and  gum.  Bal- 
sams are  commonly  described  as  resins  or  oleo-resins  which  yield 
benzoic  or  cinnamic  acid ;  but  oleo-resins  containing  neither  of 
these  acids  are  often  termed  balsams,  e.  g,  balsam  of  copaiva  and 
Canada  balsam. 

Eesins. — 1.  Resin,  rosin,  or  colophony  (Resina,  B.  P.)  is  the  type 
of  this  class.  Its  source  is  the  oleo-resin  or  true  turpentine  of 
the  conifers,  a  body  which  by  distillation  yields  spirit  of  turpen- 
tine and  a  residuum  of  rosin.      Brown  "  and  "  White  "  rosin  are 
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met  with  in  trade.  The  former  is  the  residue  of  American  the 
latter  of  Bordeaux  turpentine  (from  Pinus  Abies  etc.  and  Fmus 
Maritima  respectively).  The  chief  constituents  of  brown  resin 
are  pinic  acid  (HC^gH^gOJ  and  sylvic  acid^  identical  in  composi- 
tion, but  differing  in  properties  (vide  Isomerism),  the  former 
being  soluble  and  the  latter  insoluble  in  cold  s]3irit  of  wine. 
White  resin  or  galipot "  is  chiefly  pimaric  acid,  also  isomeric 
with  pinic  acid.  Pinic  acid  heated  yields  colophonic  or  colo- 
pholic  acid.  Among  the  products  of  the  destructive  distillation 
of  resin,  Tichborne  has  recently  found  "  colophonic  hydrate " 
(CjoH^^Og,  Hg^)'  ^  white  inodorous  crystalline  substance,  and  by 
depriving  this  of  water  has  obtained  white  crystalline  colophonine 
(C^oH^gOg).  Eesin  is  soluble  in  oil  of  turpentine.  Contact  with 
sulphuric  acid  immediately  colours  it  strongly  red.  It  is  a  con- 
stituent of  eight  of  the  fourteen  Plasters  (Emplastra)  of  the 
British  Pharmacopoeia.  2.  Arnicin  (C^oHgoO^),  the  chief  acrid  if 
not  the  only  active  principle  of  Arnica-root  (Arnicce  Radix,  B.  P.), 
is  a  resin.  3.  Cannahin,  said  to  be  the  active  principle  of  Indian 
Hemp  (Cannabis  Indica,  B.  P.),  was  obtained  in  1846  by  T.  and 
H.  Smith,  and  is  a  resin.  Personne  in  1857  isolated  a  volatile 
oil,  also  said  to  possess  much  medicinal  activity,  consisting  of 
cannabene  (C^gH^o)  and  a  solid  crystalline  hydride  of  cannabene" 
(C^gH^g).  4.  Capsicum-fruit  contains  a  resin  (p.  444).  5.  Cas- 
torin,  a  resinous  matter,  is  the  name  given  to  the  chief  constituent 
of  Castor  (Castoreum,  B,  P.),  the  dried  preputial  follicles  and 
included  secretion  of  the  Beaver  (Castor  Fiber).  6.  Copal. — The 
best  copal  is  the  exuded  resin  of  trees  of  extinct  forests,  and  is 
found  beneath  the  surface  of  the  ground  in  the  neighbourhood 
of  existing  trees.  It  appears  to  be  a  mixture  of  acids,  but  its 
character  is  still  obscure.  7.  Dragon^ s  Bloody  a  crimson-red  resin 
found  as  an  exudation  on  the  mature  fruits  of  a  Potang  or  Pattau 
Palm  (Calamus  draco).  It  is  said  to  be  a  definite  substance,  and 
to  have  the  formula  Q^^^f)^.  8.  Ergotin  is  a  very  active  resinoid 
constituent  of  Ergot  (Ergota,  B.  P.),  or  the  sclerotium  (compact 
mycelium  or  spawn)  of  Claviceps  purpurea,  produced  within  the 
paleee  of  the  common  rye,  Secale  cereale.^^  (According  to  Wenzell, 
ergot  contains  two  alkaloids,  ecboline  and  ergotine,  to  the  former 
of  which,  he  says,  the  activity  of  ergot  is  due.)  9.  Guaiaciim- 
resin  is  a  mixture  of  several  substances  (p.  469).  10.  Jalap- 
resin  (p.  470).  11.  Kousso  (Cusso,  B.  P.)  yields  yeUow  crystals 
of  a  resinoid  body  readily  soluble  in  alkaline  liquids,  Jcosin  or 
koussin  (CgjHggO^^j).  12.  Mastic  (Mastiche,  B.  P.)  is  a  resinous 
exudation  obtained  by  incision  from  the  stem  of  the  Mastic  or 
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Lentisk  tree.  Mne  tenths  of  mastic  is  mastichic  acid  (C^o^3i^2)? 
a  resin  soluble  in  alcohol;  the  remaining  tenth,  masticin  (C^^jHg^O), 
a  tenacious  elastic  resin.  13.  Mezereon,  the  dried  bark  (Mezerei 
Cortex,  B.  P.)  of  Daphne  mezereum,  Mezereon,  diRdi  Daphne  Jaureola, 
Spurge  Laurel,  owes  its  acridity  to  a  resin.  14.  Pepper  contains 
a  resin  (p.  446).  15.  Burgundy  ^itch  (Pix  Burgundica,  B.  P.)  is 
the  melted  and  strained  exudation  from  the  stem  of  the  Spruce 
Pir,  Abies  Excelsa.  The  term  Burgundy  is  a  misnomer,  the  resin 
never  having  been  collected  at  or  near  Burgundy — ^Finland,  and 
to  a  smaller  extent  Baden,  and  Austria  being  the  countries 
whence  it  is  derived.  Its  constituents  closely  resemble  those  of 
common  Eesin.  It  is  often  adulterated  and  imitated  by  a  mix- 
ture of  resin  with  palm-oil,  water,  etc.,  from  which  it  may  be 
readily  distinguished  by  its  duller  yeUow  colour,  highly  aromatic 
odour,  greater  solubility  in  alcohol,  and  almost  complete  solu- 
bility in  twice  its  weight  of  glacial  acetic  acid  (Hanbury). 
16.  Podoijhyllum-resin  (p.  444).  17.  Pyrethrin  is  the  name  of 
the  indefinite  acrid  resinous  active  principle  of  Pellitory-root 
(Pyrethri  Radix,  B.  P.).  18.  The  resins  of  Ehubarb  have 
already  been  alluded  to  in  connexion  with  Chrysophanic  acid 
(p.  376).  19.  Bottlerin  is  the  name  given  by  Anderson  to  a 
crystalline  resin  from  Kamala  {Kamala,  B.  P.),  the  minute  glands 
that  cover  the  capsules  of  Bottlera  tinctoria  :  to  this  and,  appa- 
rently, allied  resins  Kamala  owes  its  activity  as  an  anthelmintic. 

Oleo-eesins. — 1.  Copaiva  (Copaiba,  B.  P.)  is  a  mixture  of 
about  40  per  cent,  of  essential  oil  (C^gll^^),  with  2  or  more  per 
cent,  of  brown  soft  resin,  and  50  or  more  of  a  yellow  dark  resin 
termed  Copaivic  acid  {Q^^^fi^.  Copaiva  heated  with  a  fourth 
of  its  weight  of  the  official  carbonate  of  magnesium  yields  a 
transparent  fluid,  owing  to  the  formation  of  copaivate  of  magne- 
sium and  solution  of  this  soap  in  the  essential  oil.  With  an  equal 
weight  of  the  carbonate  enough  soap  is  produced  to  take  up  the 
whole  of  the  essential  oil,  and  form  a  mass  capable  of  being  rolled 
into  pills.  A  much  smaller  quantity  of  calcined  magnesia,  as 
might  be  expected,  efi'ects  the  same  result ;  but  more  time,  often 
several  days,  is  required  before  complete  reaction  is  effected. 
Quicklime  has  a  similar  effect.  Perhaps  carbonate  reacts  more 
quickly  because  of  its  fine  state  of  division  and  admixture  of 
hydrate — in  which  case  hydrates  of  calcium  and  magnesium  may 
be  expected  to  act  better  than  the  calcined  preparations,  and  in 
much  smaller  quantity  than  carbonate  of  magnesium.  Copaiva 
is  soluble  in  its  own  bulk  of  benzol,  and,  unlike,  2,  Wood-oil,  or 
Gurjun  Balsam  {Dipterocarjpi  Balsamum,  P.  I.),  a  similar  oleo- 
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resin  from  the  Dipterocarpus  titrhinatus  (D.  Lcev  'is,  P.  I.),  does 
not  become  gelatinous  when  heated  to  273°  E.  Copaiva  is  not 
fluorescent ;  Grurjun  balsam  is  highly  fluorescent.  The  stated 
analogy  of  Gurjun  balsam  to  copaiba  is  borne  out  by  its  chemical 
composition  ;  for  by  distillation  it  yields  about  40  per  cent,  of  an 
essential  oil  identical  in  composition  with  oil  of  copaiba,  the 
non- volatile  portion  being  resinous.  3.  Elemi  {Elemi,  B.  P.)  is 
an  exudation  from  a  tree  growing  in  the  Philippine  Islands.  It 
consists  of  volatile  oil  with  80  or  more  per  cent,  of  two  resins,  the 
one  (C20H32O2)  soluble  in  cold  alcohol,  the  other,  Amyrin  {Q^^^f>), 
almost  insoluble.  It  also  contains  small  quantities  of  two  crystalline 
bodies  soluble  in  water,  Bryoidin  and  Breiclin  (Eliickiger).  4. 
Wood-Tar  {Fix  Liqnida,  B.  P.)  is  a  mixture  of  several  resinoid 
and  oily  bodies  (amongst  others  Creasote,  p.  499)  obtained  by 
destructive  distillation  from  the  wood  of  Finns  sylvestris  and 
other  pines.  When  heated  it  jdelds  a  terebinthinate  oil  and  a 
residue  of  pitch,  5.  Turpentines.  These  oleo-resins  have  been 
mentioned  in  connexion  with  oil  of  turpentine,  their  volatile,  and 
resin,  their  fixed  constituent.  6.  Common  Frankincense  (Thus 
Americanum,  B.  P.)  is  the  concrete  turpentine  of  Finns  tceda, 

7.  Canada  Balsam  {Terebinthina  Canadensis^  B.  P.)  is  the  tur- 
pentine or  oleo-resin  of  the  Balm  of  Gilead  Eir  {Abies  halsamea), 

8.  Sumhul-root  {Sumhid  Radix,  B.  P.)  seems  to  owe  its  stimu- 
lating property  to  two  oleo-resins,  one  soluble  in  ether,  the  other 
in  alcohol.  9.  Oleo-resin  of  Lupulin  (U.  S.  P.)  is  an  ethereal 
extract  of  the  yellow  powder  {Lupulin,  U.  S.  P.)  attached  to  the 
small  nuts  at  the  base  of  the  scales  which  form  the  aggregate 
fruit  of  the  Hop  {Humulus  Lupidus).  It  contains  essential  oil 
of  hop  (valerol,  C^K^fi),  oxidized  oil  or  resin,  bitter  extract  con- 
taining the  hop-bitter,  lupulinic  acid  (Cg^H.^O^),  and  tannic  acid. 

GiiM-EESiNS. — 1.  Ammoniacum  {Ammoniacum,  B.  P.)  is  an 
exudation  from  the  Dorema  Ammoniacum,  It  contains  nearly 
20  per  cent,  of  gum,  a  little  volatile  oil,  and  about  70  of  resin 
(C^^jH^^Og — Johnston).  2.  Asafoetida  {Assafoetida,  B.  P.)  is  a 
gum-resin  obtained,  by  incision,  from  the  living  root  of  Narthex 
asa-foetida.  It  contains  from  50  to  70  per  cent,  of  a  resin  which 
is  partly  ferulaic  acid  (C^qH^qO^),  25  to  30  per  cent,  of  gum  (about 
two  thirds  arabin,  one  third  bassorin,  p.  118),  and  3  to  5  per  cent, 
of  volatile  oil.  3.  Eupthorhium,  an  old  drug  which  is  an  emetic 
and  purgative  resin.  It  contains  an  amorphous  active  resin 
{Q^Jl^P^,  crystalline  eupjhorhon  (C^gH^^J,  and  mucilage 
(Eliickiger).  4.  The  ordinary  or  Siam  Gamhoc/e  {Camhogia, 
B.  P.)  of  European  trade  is  obtained  from  the  Garcinia  morella ; 


528 


RESINOID  SUBSTANCES. 


tlie  gamboge  of  India  (Camhogia  Indica  vel  Mysoriensis,  P.  I.) 
from  G.  pictoria.  When  of  best  quality  it  contains  about  20  per 
cent,  of  a  gum,  and  80  to  75  per  cent,  of  a  yellow  resin  termed 
gamhogic  acid  (C^oH^gOJ.  5.  Galhanum  (Galbaniim,  B.  P.)  con- 
tains from  20  to  25  per  cent,  of  gum,  about  65  per  cent,  of  resin 
(C^^jHg^O^),  and  3  or  4  per  cent,  of  volatile  oil.  Galbanum  heated 
for  some  time  to  212°  E.  with  hydrochloric  acid,  the  liquid  sepa- 
rated and  shaken  with  ether  or  chloroform,  and  the  latter  eva- 
porated, yields  somewhat  less  than  1  per  cent",  of  colourless 
acicular  crystals  of  umbelliferone  (CgHgOg)*.  6.  Myrrh  {Myrrlia, 
E.  P.),  an  exudation  from  the  stem  of  Balsamodendron  myrrha, 
contains  about  half  its  weight  of  soluble  arabinoid  gum,  10  per 
cent,  of  insoluble  gum  (probably  bassorin),  2|  of  volatile  oil,  and 
about  25  per  cent,  of  resin  (myrrhic  acid).  7.  Olihanum  (P.  I.), 
Thus  masmlum,  or  Arabian  Franldmense  (from  various  species  of 
Bosivellia),  is  about  one  third  gum  and  nearly  two  thirds  resin 
(C^gHg^Og)  with  a  little  hydrocarbon  (C^^H^^)  and  oxidized  hydro- 
carbon volatile  oils.  It  has  always  been  an  important  ingre- 
dient of  incense — myrrh,  storax,  benzoin,  and  such  fragrant  com- 
bustible resinous  substances  being  other  constituents.  8.  Scam- 
mony  (p.  472). 

Gum-resins  need  only  to  be  finely  powdered  and  rubbed  in  a 
mortar  with  water  to  yield  a  medicinal  emulsion,  in  which  the 
fine  j)articles  of  resin  are  held  in  suspension  by  the  aqueous  solu- 
tion of  gum. 

Balsams. — 1.  Benzoin  (Benzoinum,  B.  P.)  is  obtained  from 
incisions  in  the  bark  of  Sty  rax  benzoin.  It  contains  from  12  to 
15  per  cent,  of  benzoic  acid  (p.  374),  about  50  per  cent,  of  a 
resin  (a)  soluble  in  ether,  25  to  30  per  cent,  of  a  resin  (/3)  soluble 
in  alcohol  only,  and  3  to  4  per  cent,  of  a  resin  (y)  soluble  in 

*  *'  Umbelliferone  is  soluble  in  water ;  its  solution  exhibits,  especially  on 
addition  of  an  alkali,  a  brilliant  blue  fluorescence  which  is  destroyed  by  an 
acid.  If  a  small  fragment  of  galbanum  is  immersed  in  water  no  fluorescence 
is  observed,  but  it  is  immediately  produced  by  a  drop  of  ammonia.  The 
same  phenomenon  takes  place  with  asafoetida,  and  in  a  slight  degree  with 
ammoniacum ;  it  is  probably  due  to  traces  of  umbelliferone  preexisting  in 
those  drugs.  Umbelliferone  is  also  produced  from  many  other  aromatic 
umbelliferous  plants,  as  Angelica,  Levisticum,  and  3Iewn,  when  their  re- 
spective resins  are  submitted  to  dry  distillation;  also  from  the  resin  of 
JDaphne  mezereum.  The  fluorescence  of  umbelliferone  may  be  beautifully 
shown  by  dipping  some  bibulous  paper  into  water  which  has  stood  for  an  hour 
or  two  on  lumps  of  galbanum,  and  drying  it.  A  strip  of  this  paper  placed 
in  a  test-tube  of  water  with  a  drop  of  ammonia  will  give  a  superb  blue 
solution,  instantly  losing  its  colour  on  the  addition  of  a  drop  of  hydrochloric 
acid."    (Fliickiger  and  Hanbury.) 
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solution  of  carbonate  of  sodium.  The  a  resin  is  considered  to 
be  a  compound  of  the  /3  (C^oH^gOg)  and  the  y  (^^^J)^.  The 
balsams  of  Peru,  Tolu,  and  Storax  differ  from  benzoin  in  con- 
taining cinnamic  (p.  376)  in  place  of  benzoic  acid ;  hence  they 
yield,  by  oxidation,  hydride  of  benzoyl  (oil  of  bitter  almonds). 

2.  Balsam  of  Peru  (^Balsamum  Peruvianum,  E.  P.),  from  the 
Myroocylon  Pereirce,  is  a  mixture  of  oily  matter  with  about  one 
quarter  or  one  third  resinous  matter,  and  6  per  cent,  of  cinnamic 
acid.  The  oil,  by  fractional  distillation  in  an  atmosphere  of  car- 
bonic acid  gas  and  under  diminished  pressure,  furnishes  henzylic 
alcohol  (C^H^HO),  henzoate  of  benzyl  (C^H^C^HgOg),  and  cinnamate 
of  benzyl  (C^H^CgH^O^)  or  cinnamein  (Xraut).  By  action  of  alco- 
holic solution  of  potash  it  yields  benzoate  and  cinnamate  of 
potassium,  and  benzylic  alcohol ;  also  cinnamic  alcohol  (CgHgHO), 
otherwise  known  as  jperuvine  or  styrone ;  it  also  often  holds 
in  solution  metacinnamein  or  styracin  (C^Jl^fi^),  isomeric 
with  hydride  of  cinnamyl  (CgH^OH).  The  resin  of  balsam  of 
Peru  seems  to  result  from  the  action  of  moisture  on  the  oil. 

3.  Balsam  of  Tolu  (Balsamum  Tolutanum)  is  an  exudation  from 
incisions  in  the  bark  of  Myroocylon  toluifera  ;  it  closely  resembles 
balsam  of  Peru,  but  is  more  susceptible  of  resinification.  It  con- 
tains about  1  per  cent,  of  a  volatile  hydrocarbon,  tolene,  C^^H^g.  Old 
hard  balsam  of  tolu  is  a  convenient  source  of  cinnamic  acid,  which 
may  be  extracted  by  the  same  process  as  that  by  which  benzoic 
acid  is  obtained  from  benzoin — namely,  ebullition  with  alkali, 
filtration,  and  precipitation  by  hydrochloric  acid.  4.  Storax  is 
an  oleo -resin  obtained  from  the  Liquidambar  orientals  It  con- 
tains a  volatile  oil  termed  styrol,  cinnamene  or  cinnamol  (CgHg), 
— which  possibly  (Berthelot)  is  condensed  acetylene,  4^0^^.^ — 
cinnamic  acid,  styracin,  or  cinnamate  of  cinnamyl  (CgHgCgH^O^), 
and  a  soft  and  a  hard  resin.  Styrol  differs  from  similar  hydro- 
carbons in  being  converted  into  a  polymeric  solid,  termed  meta- 
styrol  or  draconyl,  on  the  mere  application  of  a  temperature  of 
about  400^  E.  For  medicinal  use,  storax  {Styrax  Prmparatus, 
B.  P.)  is  purified  by  solution  in  alcohol,  filtration,  and  removal  of 
the  alcohol  by  distillation. 

Caoutchouc  or  India-rubber,  and  Gutta  Percha, 

Caoutchouc  is  the  hardened  juice  of  Hevea  (Sijphonia)  Brasi- 
liensis,  Castilloa  elastica,  Urceola  elastica,  Ficus  elastica,  and 
other  plants  (CoUins).  Heated  moderately  with  sulphur  it 
takes  up  2  or  3  per  cent.,  and  forms  vulcanized  india-rubber ;  at 
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a  higher  temperature  a  hard  horny  product,  termed  ehonite  or 
vulcanite,  results.  Gutta  Percha  {Gutta  Percha,  B.  P.)  is  the 
concrete  drop  or  juice  of  the  percha  (Malay)  tree,  the  Isonanclra 
gutta^  and  of  other  Sapotaceous  plants.  White  gutta  percha  is 
obtained  by  precipitating  a  solution  of  ordinary  gutta  percha  in 
chloroform  by  alcohol,  washing  the  precipitate  with  alcohol,  and 
finally  boiling  in  water  and  moulding  into  the  desired  form  while 
still  hot.  The  official  solution  of  Gutta  Percha  (Liquor  Gutta 
Percha,  B.  P.)  is  made  by  digesting  thin  slices  of  gutta  percha  in  12 
parts  by  weight  of  chloroform,  and  then  "  fining by  shaking 
with  1  part  of  carbonate  of  lead  and  setting  aside  till  the  fiuid  is 
clear. 

These  two  elastic  substances,  in  the  pure  state,  are  hydrocarbons 
(xQ^^,  usually  slightly  oxidized. 


QUESTIOI^S  AND  EXEECISES. 

851.  How  do  resins  occur  in  nature  ?  Distinguish  between 
resins  and  camphors.  Mention  the  points  of  difierence  of  resins, 
oleo-resins,  gum-resins,  and  balsams. 

852.  JN'ame  the  source  and  the  chief  constituents  of  common 
Eesin  or  Eosin. 

853.  Enumerate  some  official  articles  of  which  the  active  con- 
stituents are  resins. 

854.  Give  the  chief  distinguishing  characters  of  Burgundy 
Pitch. 

855.  What  is  the  average  proportion  of  oil  and  of  resin  in  the 
so-called  Balsam  of  Copaiva  ? 

856.  Explain  the  effect  of  carbonate  of  magnesium,  magnesia, 
and  lime  on  copaiva. 

857.  State  the  nature  of  Wood-Tar. 

858.  Why  do  Ammoniacum,  Asafcetida,  Gamboge,  Galbanum, 
Myrrh,  and  similar  substances  give  an  emulsion  by  mere  tritura- 
tion with  water  ? 

859.  In  what  respects  does  Benzoin  differ  from  the  balsams  of 
Peru,  Tolu,  and  Storax  ? 

860.  What  is  the  chemical  nature  of  India-rubber  and  Gutta 
Percha  ? 

861.  How  is  india-rubber  i^i^Zcam^ec?  and  converted  into  66om^^ 
or  vulcanite  ? 
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The  animal,  vegetable,  and  mineral  kingdoms  abound  in  sub- 
stances or  pigments  which  powerfully  decompose  light,  absorbing 
certain  of  its  constituent  colours,  and  reflecting  some  others. 
Thus,  for  example,  most  leaves  contain  a  body  termed  chlorophyl, 
which  has  the  property  of  absorbing  red  light  and  reflecting 
green ;  these  reflected  rays  entering  the  eye  of  an  observer,  and 
striking  on  the  retina  (the  expanded  extremity  of  the  optic 
nerve),  always  communicate  the  same  impression  to  the  brain ; 
in  popular  language  the  leaf  is  said  to  be  green.  Art  has  richly 
supplemented  the  number  of  such  natural  colouring-matters. 

Yellow. — 1.  Ghrome-yellow  occurs  in  more  than  a  dozen 
shades  (see  Lead,  chromate  of).  2.  Fustic  or  yelloiv  wood  is  the 
wood  of  the  Hhus  cotinus.  3.  Gamboge  (see  Gamboge),  4.  Ochre 
is  met  with  of  many  tints,  under  the  names  of  yellow  oclire,  gold 
yellow,  gold  earth  or  ochre^  yellow  sienna,  Chinese  yellow.  It  is 
chiefly  a  mixture  of  oxyhydrates  of  iron  with  alumina  and  lime. 
5.  0 raiment  is  a  sulphide  of  arsenicum  (As^Sg).  6.  Persian  ber- 
ries or  Avignon  grains  contain  a  yellow  principle  termed  rhamnin 
and  other  crystalline  bodies  :  they  are  the  product  of  the  Rham- 
nus  infectorius,  7.  Purree  or  Indian  yellow  is  said  by  Stenhouse 
to  owe  its  colour  to  purrate  or  euxanthate  of  magnesium 
QiL^Q^^^f)^^,  8.  Quercitron  is  the  bark  of  Quercus  tinctoria : 
it  contains  the  yellow  glucoside,  quercitrin  (C^gH^gOf^,  1^2^)  • 
9.  Bhubarb  (see  Chrysophanic  acid,  i).  37 6).  10.  Saffron  (^Crocus, 
B.  P.),  the  dried  stigma  and  part  of  the  style  of  Crocus  sativus, 
yields  saffranin  or  jpolychroite,  an  orange-red  glucoside,  which 
by  the  action  of  dilute  acids  and  by  other  means  breaks  up  as 
shown  in  the  following  equation,  yielding  red  crocin  (Weiss). 

C„H,„0,3  +  H,0   =   2(C,,H,30,)   +   C,„H,,0   +  C,H,,0,. 

Polychroite.  Water.  Croeiu.  Vol.  oil  of  saffron.  Sugar. 

11.  Turmeric,  the  rhizome  of  Curcuma  Tonga,  owes  its  yellow 
colour  to  curcumin,  a  resinous  matter,  the  formula  of  which  is 
said  by  Daube  to  be  C^^H^fi^,  and  by  Iwanof  C^H^O.  Possibly 
two  yellow  pigments  are  present.  12.  Weld  (Reseda  luteola) 
contains  a  durable  yellow  matter  termed  luteolin  (G^^H^fi^), 
13.  Picric  or  carbazotic  acid  (p.  500)  is  a  very  powerful  yellow 
dye.  14.  Dried  and  powdered  carrots  yield  to  bisulphide  of  car- 
bon a  yellow  colouring-matter,  "  carrotin,"  which  is  obtained  on 
evaporating  the  solvent.    It  is  said  to  be  used  in  colouring  butter, 
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Eed. — 1.  AlJcanet,  the  root  of  AlJcanna  tinctoria,  Tausch,  An- 
chusa  tinctoria,  Desf.,  yields  anchusin  (C^^H^fi^),  a  resinoid  matter 
soluble  in  oils  and  fats.  2.  Annatto,  Arnatto,  or  Arnotto,  a  paste 
prepared  from  the  seeds  of  Bicca  orellana,  contains  himn,  an 
orange-red,  and  orellin,  a  yellow  principle.  3.  Brazil-wood 
{Coesalpinia  hrasiliensis)  furnishes  hrezilin,  the  basis  of  several 
lakes.  Sapan-wood  and  Cam-wood  probably  contain  the  same 
substance.  4.  Cinnabar^  Chinese  red,  Vermilion,  or  Paris  red, 
is  mercuric  sulphide.  5.  Chrome-red  is  an  oxychromate  of  lead. 
6.  Cochineal  (p.  376).  7.  Madder,  the  root  of  Ruhia  tinctorum^ 
powdered  and  treated  with  sulphuric  acid  and  acidulated  water  to 
effect  the  removal  of  earthy  and  other  inert  matters,  furnishes  a 
residual  powder  termed  garancin,  Garancin  yields  to  pure  water 
alizarin  (G^Jl^fi^,  3H2O),  the  red,  neutral,  cry stalliz able  colouring- 
matter  of  madder.  Alizarin  does  not  exist  ready  formed  in  the 
plant,  but  is  derived,  by  fermentation,  from  rubian,  a  yellowish 
resinoid  substance.  Alizarin  is  now  produced  artificially  from 
anthracene,  one  of  the  solid  constituents  of  coal-tar.  8.  Mulberry- 
juice  (Mori  JSuccuSj  B.  P.)  contains  a  violet-red  colouring-matter 
which  has  not  been  chemically  examined.    9.  Bed  lead  (p.  230). 

10.  Bed  oxide  of  iron,  of  shades  varying  from  light  to  brown  red, 
is  found  native.  The  common  names  of  it  are  Armenian  bole, 
Eerlin  red,  colcothar,  English  red,  red  ochre,  burnt  ochre,  red 
earth,  terra  di  sienna,  mineral  purple,  stone  red,  and  Indian  red. 

11.  Bed  Sanders-wood  or  Bed  Sandal-wood  (Pterocarjoi  Lignum, 
B.  P.),  the  billets  and  chips  of  Pterocarpus  santalinus,  owes  its 
colour  to  santalin(C^fl^fiJ,  a  crystalline  resinoid  matter.  12.  Bed- 
Poppy  Petals  (Bhceados  Petala,  B.  P.),  from  the  Papaver  rhceas, 
contains  a  red  colouring  principle  which  has  not  yet  been  isolated 
in  a  state  of  purity.  The  author  has  sought  for  morphia  in  large 
quantities  of  the  petals,  but  could  not  find  a  trace  of  that  alkaloid. 
13.  Bed-Bose  Petals  (Bosce  Gallicoe  Petala,  B.  P.),  and  those  of 
the  Cabbage-Eose  (Bosce  Centifolice  Petala,  B.  P.),  also  yield  a  red 
substance  which  has  not  been  analyzed.  14.  Safflower,  Dyer's 
Saffron  or  Bastard  Saffron,  the  florets  of  Carthamus  tinctorius, 
contains  an  unimportant  yellow  dye,  and  '5  per  cent,  of  carthamin 
(Cj^HjgO^),  an  uncrystallizable  red  dye,  the  pigment  of  the  old 
pink  saucers.  Carthamin  seems  to  possess  acid  characters,  and 
(like  silicic  acid  and  other  substances)  to  be  soluble  in  water  for 
a  certain  time  after  liberation  from  its  alkaline  solution ;  for 
fabrics  are  dyed  with  safflower  by  immersion  in  a  bath  made  of 
an  infusion  in  dilute  alkali  neutralized  by  citric  acid  immediately 
before  use,  the  carthamin  probably  penetrating  the  cells  and 
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vessels  of  the  fibres  in  a  soluble  form,  there  becoming  insoluble 
and  imprisoned,  and  thus  giving  permanent  colour  to  the  wool, 
silk,  or  other  material.  Mixed  with  French  chalk,  carthamin  is 
used  as  a  cosmetic  under  the  name  of  vegetable  rouge — carmine 
being  animal  rouge ^  and  red  oxide  of  iron  the  mineral  rouge, 
15.  Lac-dye  is  a  cheap  form  of  cochineal,  and  is  also  yielded  by 
a  species  of  Coccus.  16.  Logwood  (Ilcematoxyli  Lignum^  E.  P.) 
contains  a  yellow  substance,  hcematoxylin  (C^gH^^OgH^O  or  SH^O), 
which,  under  the  influence  of  air  and  alkali,  assumes  an  intense 
red  colour.  Under  the  influence  of  ammonia  and  air  it  yields 
greenish-violet  iridescent  scales  of  hcematein  (C^gH^^^e'  ^H^O). 
17.  Bed  enamel  colours,  for  glass-staining  and  ceramic  operations, 
are  produced  either  by  cuprous  silicate  or  purple  of  Cassius  (p.  272). 

Elue. — 1.  Cobalt  oxide  precipitated  in  combination  or  admix- 
ture with  alumina  or  phosphate  of  calcium  forms  TMnard^s  blue, 
cobalt-blue,  Hoffner^s  blue,  and  cobaltic  ultramarine.  2.  Smalt, 
Saccony  blue,  or  King^s  blue  is  rough  cobalt  glass  in  fine  powder 
(p.  257).  3.  Copper-blue,  mountain  blue,  and  English  or  Hambro^ 
blue  are  carbonates  or  oxycarbonates  of  copper.  4.  Indigo  (p.  322). 
5.  Litmus,  lichen-blue,  turnsole,  orchil  or  archil,  and  cudbear  are 
products  of  the  action  of  air  and  alkalies  on  certain  colourless 
principles,  as  orcin  (C^HgO^),  derived  from  different  species  of 
lichen — JRoccella,  Variolaria,  and  Lecanora.  6.  Prussian  blue  (p. 
380)  and  TurnbulVs  blue  (p.  381),  the  ferro-  and  ferridcyanides  of 
iron,  are  met  with  under  the  names  of  Erlangen,  Louisa,  Saxon, 
Paris,  or  Berlin  blue,  7.  Ultramarine  is  made  on  a  large  scale 
by  roasting  a  mixture  of  fine  white  clay,  carbonate  of  sodium, 
sulphur,  and  charcoal.  Its  constitution  is  not  well  made  out. 
Acids  decompose  it,  sulphuretted  hydrogen  escaping. 

Geeen". — 1.  (7^^J)ro-arsm^«caZ  green  pigments  (p.  189).  2.  Chlo- 
rophyl,  Leaf-green,  or  Chromule.  A  method  of  extracting  chlo- 
rophyl  is  given  under  "  Extracts  "  (vide  Index).  It  is  resinoid, 
soluble  in  alcohol  and  ether,  insoluble  in  water,  and,  according  to 
Fremy,  consists  of  a  blue  substsLUce,  phyllocyanin  (C^^JL^^'Nfi^^?), 
and  a  yellow,  phylloxanthin  ;  the  yellow  tints  in  fading  autumnal 
leaves,  he  says,  are  due  to  the  latter  principle,  the  former  being 
the  first  to  fade.  3.  Sap-green,  buckthorn-,  vegetable-,  or  bladder- 
green  is  obtained  by  evaporating  to  dryness  a  mixture  of  lime 
and  the  juice  (Bhamni  Succus,  E.  P.)  of  the  berries  of  the  Euck- 
thorn  (Bhamnus  catharticus).  It  is  soluble  in  water,  slightly  in 
alcohol,  and  insoluble  in  ether  and  oils.  4.  Green  ultramarine 
is  made  by  a  process  similar  to  that  for  blue  ultramarine. 
5.  Mixtures  of  blue  and  yellow  pigments  and  dyes  are  common 
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sources  of  green  colours.  6.  Glass  and  earthenware  are  coloured 
green  by  oxide  of  chromium  and  black  oxide  of  copper. 

Eeowj^. — 1.  Umher,  Sienna^  or  Chestnut-hrown  is  found  native. 
By  heat  it  is  darkened  in  tint,  and  is  then  known  as  burnt  umber. 
It  is  a  mixture  of  oxide  of  iron,  silica,  and  alumina.  2.  Sepia  is 
a  dried  fluid  from  the  ink-bag  of  cuttlefishes  (Sepiadce)  ;  by  its 
ejection  into  adjacent  water  the  animal  is  said  to  obtain  oppor- 
tunity of  escape  from  enemies.  3.  Catechu  (p.  400)  furnishes  a 
brown  colouriug-matter. 

Elack. — 1.  BlacMead  (p.  21),  bone-black  (p.  114),  or  ivory - 
black  and  lampblack,  the  latter  a  deposited  soot  from  the  in- 
complete combustion  of  resin  and  tar,  are  varieties  of  carbon. 
2.  Burnt  sugar  or  caramel  (p.  462).  3.  Indian  ink  is  usually  a 
dried  mixture  of  fine  lampblack  and  size  or  thin  glue.  4.  Black 
ink  is  essentially  tannates  and  gallatesof  iron  suspended  in  water 
containing  a  little  gum  in  solution.  5.  Printer^ s  ink  is  well  boiled 
linseed  or  other  oil,  mixed  with  good  lampblack,  vermilion,  or 
other  pigment.    6.  Black  dyes  are  of  the  same  nature  as  ink. 

White  Pigmei^^ts. — 1.  Chcdk  or  Whiting  (p.  113).  2.  French 
chalk,  steatite,  or  soapstone,  a  silicate  of  magnesium.  3.  Heavy 
white  (p.  104).  4.  Pearl-white  (p.  279).  5.  Plaster  of  Paris 
(p.  107).  6.  Starch  (p.  449).  7.  White  lead  (p.  230).  8.  Zi7ic- 
white  (p.  139).  9.  Oxides  of  tin  and  zinc  and  phosphate  of  cal- 
cium are  employed  for  giviug  a  white  opacity  to  glass. 

Ats^ili^-e  Coloues.  Coal-tar  colours. — Within  the  last  ten  years 
nearly  every  shade  of  colour  seen  in  the  animal  or  vegetable 
kingdoms  has  been  successfully  imitated  by  certain  dyes  and  pig- 
ments primarily  derived  from  a  mineral,  coal.  Coal  distilled  for 
gas  furnishes  tar  or  gas-tar.  Coal-tar  contains  some  aniline  ; 
but  especially  it  contains  a  liquid  convertible  into  aniline,  namely 
benzol  (CgH^H),  first  discovered  by  Faraday  in  compressed  oil- 
gas.  Prom  aniline,  by  oxidation,  Eunge  obtained  the  violet 
colour-reaction,  the  body  producing  which  Perkin  afterwards 
studied  and  isolated,  and  manufactured  under  the  name  of  mauve. 
Aniline-red  (fuchsine,  magenta,  or  roseaniline),  aniline-yelloiu, 
aniline-green,  aniline-blue,  and,  in  short,  aniline-dyes,  lakes,  and 
pigments  of  every  hue  of  the  rainbow,  are  now  common  articles 
of  trade.  Their  application  has  revolutionized  the  arts  of  the 
dyer  and  colour-printer. 
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QUESTIONS  AND  EXERCISES. 

862.  Explain  the  production  of  colour  by  the  various  natural 
and  artificial  pigments. 

863.  Mention  the  chief  yellow  colouring-matters,  and  describe 
their  chemical  nature. 

864.  What  is  annatto  ? 

865.  Name  the  colorific  constituent  of  madder.  Can  it  be 
made  artificially  ? 

866.  State  the  source  of  Litmus. 

867.  Distinguish  between  Prussian  blue  and  TumbuU's  blue  ; 
and  state  how  they  are  manufactured. 

868.  How  is  blue  ultramarine  obtained  ?  How  is  it  afi^ected 
by  acids  ? 

869.  Describe  the  chemical  nature  of  the  colouring  principle  of 
green  leaves. 

870.  By  what  agents  is  glass  coloured  green  ? 

871.  Whence  is  sepia  obtained? 

872.  Describe  the  chemistry  of  black  ink. 

873.  Write  a  few  sentences  on  aniline  colours. 
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QUALITATIVE  ANALYSIS  OP  SUBSTANCES 
HAVING  UNKNOWN  PROPERTIES. 


Substances  are  presented  to  the  analyst  in  one  of  the  three 
forms  in  which  all  matter  exists — namely,  solid,  liquid,  or 
gaseous ;  and  they  may  contain  animal  or  vegetable  as  well  as 
mineral  matter. 

The  method  of  analysis  in  the  case  of  solid  mineral  bodies  has 
been  described  on  pp.  414  to  423. 

Solid  animal  or  vegetable  substances  (or  mixtures  of  these  with 
mineral  bodies)  may  be  indefinite  and  beyond  the  grasp  of 
chemistry,  or  definite  and  quite  within  the  range  of  proximate 
qualitative  organic  analysis.  The  presence  of  such  substances  is 
indicated  in  the  preliminary  examination  of  a  solid  (pp.  415  to 
417)  by  charring  and  other  characters.  If  no  charring  occurs, 
and  no  volatile  liquid  is  expelled  by  heat,  the  absence  of  such 
matter  is  indicated.  But  if  organic  matter  is  present,  an  endea- 
vour is  made  to  ascertain  its  precise  character.  The  analyst's 
knowledge  of  the  history  of  the  substance,  or  the  circumstances 
under  which  it  comes  into  his  hands,  will  probably  afford  a  clue 
to  its  nature,  and  enable  him  to  search  directly  for  its  proximate 
constituents.  If  no  such  information  is  at  hand,  the  action  of 
solvents  may  be  employed  as  likely  to  afford  indication  of  the 
general,  if  not  of  the  precise,  nature  of  the  substance.  Water, 
alcohol,  ether,  chloroform,  bisulphide  of  carbon,  each  both  hot 
and  cold,  may  in  turn  be  agitated  with  the  substance,  the 
mixture  filtered,  a  portion  of  the  filtrate  evaporated,  at  first 
partially,  setting  the  product  aside,  and  afterwards  to  dryness, 
and  any  deposit  or  residue  examined  with  and  without  the  aid  of 
a  microscope.  Other  portions  of  the  filtrate  may  be  treated  with 
acids,  alkalies,  and  solutions  of  such  metallic  salts  as  are  com- 
monly used  as  group-tests  for  acidulous  radicals  (p.  411).  The 
action  of  alkalies,  as  well  as  acids  weak  and  strong,  hot  and  cold, 
may  also  be  tried  on  the  solid  substance  itself,  and  colours, 
odours,  and,  in  short,  any  efiPect  whatever  duly  noted.  A  portion 
of  the  substance  should  also  be  burnt  in  an  open  porcelain 
crucible  until  no  carbon  remains,  and  the  ash,  if  any,  examined ; 
its  amount  and  nature  may  afford  information  leading  to  the 
identification  of  the  substance. 

The  foregoing  experiments  having  been  carefully  performed^ 
and  all  results  entered  in  the  note-book,  a  little  reflection  will 
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possibly  lead  to  the  recognition,  or  may  suggest  further  direct 
experiments  or  confirmatory  tests,  or  will,  at  least,  have  pointed 
to  the  absence  of  90  or  95  per  cent,  of  all  possible  substances, 
and  thus  have  restricted  the  area  of  inquiry  to  narrow  limits. 
The  success  attainable  in  qualitative  proximate  organic  analysis 
by  the  medical  or  pharmaceutical  student  will  of  course  largely 
depend  on  the  thoroughness  with  which  the  operator  has  prose- 
cuted his  study  of  practical  chemistry  generally ;  but  it  also  will 
be  considerably  aifected  by  the  extent  to  which  he  has  cultivated 
the  art  of  observation,  and  the  opportunities  he  has  had  of 
acquiring  a  knowledge  of  the  appearance,  uses,  and  common 
properties  of  definite  chemical  substances,  and  of  articles  of  food, 
drink,  and  medicine.  The  most  successful  of  several  good  ana- 
lysts will  be  he  who  has  most  common  sense  and  most  experience. 

The  pharmaceutical  student,  who  has  probably  already  had 
some  years  of  experience  in  pharmacy,  occupies  an  unusually 
favourable  position  for  prosecuting  the  proximate  analysis  of 
organic  and  inorganic  substances,  or,  at  all  events,  of  that  large 
proportion  of  such  bodies  met  with  in  the  domain  of  hygiene 
and  pharmacy.  Many  substances  he  will  identify  at  sight,  or  by 
aid  of  a  lens,  or  after  applying  some  simple  physical  or  chemical 
test.  ISTor  should  he  find  much  difficulty,  after  reaching  the 
present  point  of  practical  study,  in  deciding  whether  the  solid 
substance  under  examination  belongs  to  the  class  of  organic 
acids,  organic  salts  of  metallic  radicals,  alkaloids,  salts  of  alka- 
loids, amylaceous  matter,  gums,  saccharine  substances,  glucosides, 
albumenoid  matters,  fats,  soaps,  resins,  colouring-matters,  etc. 
For  instance,  the  pharmaceutical  student  will  find  less  difficulty  than 
the  general  student  in  successfully  analyzing  a  substance  occurring 
in  "  scales,"  because  he  has  experience  of  the  appearances  of 
compounds  commonly  produced  in  that  form,  and  because,  even 
if  the  appearance  is  new  to  him,  he  knows  what  kind  of  sub- 
stances most  readily  lend  themselves  to  production  in  that  form. 
While  the  general  student  is  testing  generally,  and  proceeding 
cautiously,  or  searching  for  general  information  in  books  of 
reference,  the  pharmaceutical  or  medical  student  has  incinerated 
some  of  the  material,  noticed  whether  or  not  the  ash  is  red  (iron) 
and  strongly  alkaline  (potassium),  treated  more  of  the  material 
with  an  alkali  (for  ammonium),  added  excess  of  ammonia,  and 
examined  the  precipitate  (for  cinchonia  or  quinia),  or  shaken  up 
the  alkaline  liquid  successively  with  ether  and  chloroform,  and 
tested  the  residue  of  these  decanted  and  evaporated  solvents 
(quinia,  beberia,  strychnia),  and  examined  the  aqueous  solution 
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of  the  material,  or  one  of  the  filtered  alkaline  liquids,  in  the  usual 
way  for  acidulous  radicals  (citric,  tartaric,  sulphuric,  hypophos- 
phorous).  Or  he  has  modified  his  methods  to  include  search  for 
some  "  scale  preparation  "  which  his  special  knowledge  tells  him 
has  been  newly  introduced  to,  or  is  rare  in,  pharmacy. 

In  tlie  case  of  liquids,  the  solvents  as  well  as  the  dissolved 
matters  claim  attention.  A  few  drops  are  evaporated  to  dryness 
on  platinum  foil  to  ascertain  if  solid  matter  of  any  kind  is  pre- 
sent ;  the  liquid  is  tested  by  red  and  blue  litmus-paper  to  ascer- 
tain if  free  alkalies,  free  acids,  or  neither  are  present;  a  few 
drops  are  heated  in  a  test-tube  and  the  odour  of  any  vapour 
noticed,  a  piece  of  glass  tubing  bent  to  a  right  angle  being,  if 
necessary,  adapted  to  the  test-tube  by  a  cork,  and  some  of  the 
distilled  liquid  collected  and  examined ;  finally,  the  usual  group- 
reagents  for  the  several  basylous  and  acidulous  radicals  are  con- 
secutively applied. 

Proceeding  in  this  way  the  student  who  has  already  had 
some  experience  in  pharmacy  will  not  be  likely  to  overlook  such 
solvents  as  water,  acids,  alkalies,  alcohol,  glycerine,  ether,  chloro- 
form, benzole,  fixed  oils,  and  essential  oils,  or  to  miss  the 
substances  which  these  menstrua  may  hold  in  solution.  He  will 
probably  also  recognize  such  liquids  as  carbolic  acid,  formic  acid, 
lactic  acid,  methylic  alcohol,  aldehyd,  aniline,  nitrobenzol.  He 
must  not,  however,  suppose  that  he  will  always  be  able  to 
qualitatively  analyze,  say,  a  bottle  of  medicine  ;  for  the  various 
infusions,  decoctions,  tinctures,  wines,  syrups,  liniments,  con- 
fections, extracts,  pill-masses,  and  powders  contain  vegetable 
matters  most  of  which  at  present  are  quite  beyond  the  reach  of 
the  analyst.  JN^either  the  highest  skill  in  analysis  nor  the  largest 
amount  of  experience  concerning  the  odour,  appearance,  taste, 
and  uses  of  drugs  is  sufiicient  for  the  detection  of  all  these 
vegetable  matters.  Skill  and  experience  combined,  however,  will 
do  much,  and  in  most  cases  even  so  difiicult  a  task  as  the  one  just 
mentioned  be  accomplished  with  reasonable  success.  Obviously, 
qualitative  analysis  alone  will  not  enable  the  experimenter  to 
produce  a  mixture  of  substances  similar  to  that  analyzed ;  to 
this  end  recourse  must  be  had  to  quantitative  analysis,  a  subject 
reserved  for  subsequent  consideration. 

ISTatural  fluids,  as  ^'  Milk  "  and  Urine  "  (vide  Index),  admit 
of  special  analytical  treatment. 

Gas-analysis,  or  Eudiometry  (from  evlia^  eudia,  calm  air,  and 
fjierpov,  metron,  a  measure,  in  allusion  to  the  eudiometer,  an  in- 
strument used  in  measuring  the  proportion  and,  as  the  early 
chemists  thought,  the  salubrity  of  the  gases  of  the  air),  is  a 
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branch  of  experimental  investigation,  chiefly  of  a  quantitative 
character,  concerning  which  information  must  be  sought  in  other 
treatises.  The  analysis  of  atmospheric  air  from  various  localities, 
coal-gas,  and  gases  obtained  in  chemical  researches,  involves 
operations  which  are  scarcely  within  the  sphere  of  Chemistry  ap- 
plied to  Medicine.  Beyond  the  recognition,  therefore,  of  oxygen, 
hydrogen,  nitrogen,  carbonic,  sulphurous,  and  hydrosulphuric 
acid  gases,  the  experimental  considerations  of  the  chemistry  of 
gaseous  bodies  may  be  omitted.  Their  study,  however,  should 
not  be  neglected,  as  existing  conceptions  of  the  constitution  of 
chemical  substances  are  largely  dependent  on  the  observed  rela- 
tions of  the  volumes  of  gaseous  compounds  to  their  elements. 
See  previous  paragraphs,  pp.  32  to  38,  46  to  49,  and  134.  The 
best  single  work  on  this  latter  part  of  the  subject  is  a  small  book 
by  Hofmann,  '  Introduction  to  Modern  Chemistry.' 

Spectral  Analysis, — It  may  be  as  well  to  state  here  that  the 
preliminary  and  final  examinations  of  minute  quantities  of  solid 
matter  may,  in  certain  cases,  profitably  include  their  exposure  to 
a  temperature  at  which  they  emit  light,  the  flame  being  phy- 
sically analyzed  by  a  spectroscope.  A  spectroscope  consists 
essentially  of  a  prism  to  decompose  a  ray  of  light  into  its  con- 
stituent colours,  with  tubes  and  lenses  to  collect  and  transmit 
the  ray  or  rays  to  the  eye  of  an  observer.  The  material  to  be 
examined  is  placed  on  the  end  of  a  platinum  wire,  which  is  then 
brought  within  the  edge  of  a  spirit-lamp  or  other  smokeless 
flame;  volatilization,  attended  usually  in  the  case  of  a  com- 
pound by  decomposition,  at  once  occurs,  and  the  whole  flame  is 
tinged  with  a  characteristic  hue.  A  flat  ribbon  of  rays  is  next 
cut  ofl"  by  bringing  near  to  the  flame  a  brass  tube,  the  cap  of 
which  is  pierced  by  a  narrow  slit.  At  the  other  end  of  the  tube, 
at  focal  distance  for  parallel  rays,  is  a  lens,  through  which  the 
ribbon  of  light  passes  to  a  prism ;  the  prism  decomposes  the 
ribbon,  spreading  out  its  constituent  colours  like  a  partially 
opened  fan,  and  the  coloured  beam  or  spectrum  thus  produced 
is  then  examined  by  help  of  a  telescope  attached  by  a  movable 
joint  to  the  stand  which  carries  the  prism  and  object-tube. 
Sodium  compounds,  under  these  circumstances,  give  yellow  light 
only,  indicated  by  a  double  band  of  light  in  a  position  corresponding 
to  a  portion  of  the  yellow  part  of  an  ordinary  solar  spectrum.  The 
potassium  spectrum  is  mainly  composed  of  a  red  and  violet  band ; 
lithium  a  crimson,  and,  at  very  high  temperatures,  a  blue  band. 
Most  of  the  other  elements  give  equally  characteristic  spectra. 

By  aid  of  a  combined  microscope  and  spectroscope  (micro- 
spectroscope)  the  colour  of  cploured  fluids  can  be  analyzed. 
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In  cases  of  criminal  and  accidental  poisoning,  the  substances 
presented  to  the  chemical  analyst  for  examination  are  usually 
articles  of  food,  medicines,  vomited  matters,  or  the  liver,  kidney, 
intestines,  stomach  and  contents,  removed  in  course  of  post-mortem 
examination.  In  these  cases  some  special  operations  are  necessary 
before  the  poison  can  be  isolated  in  a  state  of  sufficient  purity  for 
the  application  of  the  usual  tests ;  for  in  most  instances  the  large 
quantity  of  animal  and  vegetable,  or,  in  one  word,  organic  matter 
present,  prevents  or  masks  the  characteristic  reactions  on  which 
the  tests  are  founded.  These  operations  will  now  be  described  * ; 
they  form  the  chemical  part  of  the  subject  of  Toxicology  (to^ikov, 
toxicon,  poison,  and  \6yos^  logos ^  discourse). 

Substances  occurring  in  the  form  of  an  apparently  definite 
salt  or  unmixed  with  organic  matter  need  no  special  treatment 
(they  are  analyzed  by  the  ordinary  methods  already  given),  atten- 
tion being  restricted  to  poisonous  compounds  only. 

examinatioj^  of  an^  oegai^^ic  mixttjee  suspected  to  coi^tailsr  :  

Meectjey,  Aesen^icijm,  Ai^timony,  Lead,  Coppee,  oe  Zinc  ; 
SuLPHUEic  Acid,  IN'iteic  Acid,  Htdeochloeic  Acid,  Oxalic 
Acid,  oe  Htdeocyanic  Acid  ;  Caustic  Alkalies  ;  Phosphoeus  ; 
Steycotia,  Moephia,  oe  othee  Poisonous  Alkaloids. 

Preliminary  Examination, 

Odour ^  Appearance^  Taste. — Smell  the  mixture,  with  the  view 
of  ascertaining  the  presence  or  absence  of  any  notable  quantity 
of  free  hydrocyanic  acid.  Look  carefully  for  any  small  solid 
particles,  such  as  arsenic,  corrosive  sublimate,  or  verdigris,  and 
for  any  appearance  which  may  be  regarded  as  abnormal,  any 
character  unusual  to  the  coffee,  tea,  beer,  medicine,  vomit,  coats 
of  stomach,  kidney,  liver,  or  other  organ,  tissue,  or  solid  matter 
under  examination. 

*  Materials  for  these  experiments  are  readily  obtained  for  educational 
purposes  by  dissolving  the  poison  in  infusions  of  tea,  coffee,  porter,  or  in 
water  to  which  some  mucilage  of  starch  or  linseed  meal,  pieces  of  bread, 
potato,  and  fat  have  been  added. 
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Poisonous  quantity/  of  acid. — Add  to  a  small  portion  some 
solution  of  carbonate  of  sodium,  with  the  view  of  ascertaining  by 
strong  effervescence  the  presence  of  any  large,  poisonous  quantity 
of  sulphuric,  nitric,  or  hydrochloric  acid  (p.  544). 

Poisonous  quantity  of  alkali. — If  so  excessively  alkaline  as  to 
require  the  addition  of  a  very  large  quantity  of  acid  before 
neutralization  is  effected,  a  noxious  quantity  of  a  corrosive  or 
caustic  alkali  is  present.  Whether  soda  or  potash  is  ascertained 
by  the  usual  tests. 

Special  instructions  may  induce  the  operator  to  suspect  the  pre- 
sence of  one  particular  poison.  Direct  examination  for  the  latter 
may  then  be  made,  either  at  once,  if  the  substance  has  an  aqueous 
character,  or  when  filtration  or  treatment  with  warm  hydro- 
chloric or  acetic  acid  has  afforded  a  more  or  less  colourless 
liquid. 

Fluids. — A  vomit  or  the  contents  of  a  stomach,  if  set  aside  in 
a  long  narrow  vessel  (test-glass  or  ale-glass),  or,  better,  exposed 
on  a  filter  during  a  night,  will  often  yield  a  more  or  less  clear 
limpid  portion  at  the  bottom  or  top  of  the  solid  matter.  This 
fluid  (separated  by  a  pipette  or  otherwise)  will  sometimes  respond 
to  tests  without  further  preparation,  and  always  requires  less 
preparatory  treatment  than  a  semisolid  mixture.  If  none  passes 
through  a  Alter,  a  portion  often  collects  in  the  upper  part. 

General  -procedure. — If  the  preliminary  examination  does  not 
indicate  the  method  to  be  pursued,  proceed  as  follows,  treating  a 
portion  (not  more  than  one  fourth)  of  the  mixture  for  the  poi- 
sonous metals,  another  for  the  acids,  and  a  third  for  alkaloids, 
reserving  the  remainder  for  any  special  experiments  which  may 
suggest  themselves  in  the  course  of  analysis. 

Examination  for  Mercury,  Arsenicum^  Antimony,  Lead,  Copper^ 
Zinc. 

If  a  liquid,  acidulate  with  hydrochloric  acid  and  boil  for  a  short 
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time.  If  solid  or  semisolid,  cut  up  the  matter  into  small  pieces, 
add  enough  water  to  form  a  fluid  mixture,  stir  in  ten  or  twenty 
per  cent,  of  ordinary  liquid  hydrochloric  acid,  and  hoil  until,  from 
partial  aggregation  and  solution  of  the  solid  matter,  filtration  can 
be  easily  effected. 

Heat  a  portion  of  the  clear  liquid  with  a  thin  piece  of  bright 
pure  copper  or  copper  gauze,  about  an  inch  long  and  a  quarter  of  an 
inch  broad,  for  about  ten  or  twenty  minutes ;  metallic  mercury, 
arsenicum,  or  antimony  will  be  deposited  on  the  copper,  dark- 
ening it  considerably  in  colour.  Pour  off  the  liquid  from  the 
copper,  carefully  rinse  the  latter  with  a  little  cold  water,  dry  the 
piece  of  metal  by  holding  it  over  or  near  a  flame  (using  fingers, 
not  tongs,  or  it  may  become  sufliciently  hot  for  loss  of  mercury  or 
arsenicum  to  occur  by  volatilization),  introduce  it  into  a  narrow 
test-tube  or  piece  of  glass  tubing  closed  at  one  end,  and  heat  the 
bottom  of  the  tube  in  a  fiame,  holding  it  horizontally  that  the 
upper  part  of  the  tube  may  be  kept  cool,  and  partially  closing 
the  mouth  with  the  finger  to  prevent  escape  of  vapour.  Under 
these  circumstances  any  Mercury  will  volatilize  from  the  copper 
and  condense  on  the  cool  part  of  the  tube  in  a  ring  or  patch 
of  white  sublimate,  readily  aggregating  into  visible  globules  on 
being  pressed  by  the  side  of  a  thin  glass  rod  inserted  into  the 
tube ;  Arsenicum  will  volatilize  from  the  copper,  and,  absorbing 
oxygen  from  the  air  in  the  tube,  condense  on  the  cool  part  of 
the  glass  in  a  ring  or  patch  of  white  sublimate  of  arsenic  (grey 
or  even  darker  if  much  arsenicum  as  well  as  arsenic  be  |)resent), 
not  running  into  globules  when  rubbed,  but  occurring  in  small 
crystals,  the  characteristic  octahedral  form  of  which  {vide  p.  183) 
is  readily  seen  by  aid  of  a  good  hand  lens,  or  the  low  power  of 
a  microscope ;  Antimony  volatilizes  from  the  copper  if  strongly 
heated,  and,  absorbing  oxygen,  immediately  condenses  as  a  slight 
white  deposit  close  to  the  metal. 
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Confirmatory  Tests. — 1.  Wothing  short  of  the  production  of 
globules  should  be  accepted  as  evidence  of  the  presence  of  mer- 
cury.   It  will  usually  have  existed  as  corrosive  sublimate. 

2.  To  confirm  indications  of  the  presence  of  arsenicum,  a  por- 
tion of  the  acid  liquid  may  be  subjected  to  the  hydrogen  tests 
(pp.  185,  187) ;  or  the  tube  containing  the  vrhite  crystalline 
arsenic  may  be  broken,  and  the  part  on  which  the  sublimate  oc- 
curs boiled  for  some  time  in  water,  and  the  hydrosulphuric-acid, 
ammonio-nitrate-of-silver,  and  ammonio-sulphate-of-copper  tests 
(pp.  188,  190)  applied  to  the  aqueous  solution. 

3.  Por  antimony,  a  portion  of  the  acid  liquid  must  always  be 
introduced  into  the  hydrogen-apparatus  with  the  usual  pre- 
cautions.   (Vide  p.  199.) 

For  Lead  and  Co'pper,  pass  hydrosulphuric  acid  gas  through 
the  clear  acid  liquid  for  some  time,  warming  the  liquid  if  no 
precipitate  is  produced,  or  diluting  and  partially  neutralizing  the 
acid  by  ammonia  if  much  acid  has  been  added.  Collect  on  a 
filter  any  black  precipitate  that  may  have  formed ;  wash,  dis- 
solve in  a  few  drops  of  aqua  regia,  dilute,  and  apply  tests,  such 
as  ammonia  for  copper,  sulphuric  acid  for  lead,  or  any  other  of 
the  ordinary  reagents  (pp.  209,  235). 

Copper  may  often  he  at  once  detected  in  a  small  quantity  of 
acidulated  liquid  by  immersing  the  point  of  a  penknife  or  a  piece 
of  bright  iron  wire — a  deposit  of  copper,  in  its  characteristic 
colour,  quickly  or  slowly  appearing,  according  to  the  amount 
present  (p.  209). 

Zinc, — To  the  acid  liquid  through  which  sulphuretted  hydrogen 
has  been  passed,  add  excess  of  ammonia  (or  to  the  original  acid 
fluid  add  excess  of  ammonia,  and  then  sulphydrate  of  ammo- 
nium) ;  a  precipitate  falls  which  may  contain  alumina,  phos- 
phates, and  zinc — it  is  usually  blackish,  from  the  presence  of 
sulphide  of  iron.  Collect  the  precipitate  on  a  filter,  wash,  dis- 
solve in  a  little  hydrochloric  acid,  add  a  few  drops  of  nitric  acid, 
boil,  pour  in  excess  of  ammonia,  filter,  and  test  the  filtrate  with 
sulphydrate  of  ammonium ;  a  white  precipitate  indicates  zinc. 
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Examination  for  Mineral  Acids,  Oxalic  Acid,  or  Hydrocyanic 
Acid, 

To  detect  Hydrochloric,  Nitric,  or  Sulphuric  Acid  in  any  liquid 
containing  organic  matter,  dilute  with  water  and  apply  to  small 
portions  the  usual  tests  for  each  acid,  disregarding  indications  of 
small  quantities.    (Vide  pp.  298,  320,  346.) 

Excessive  sourness,  copious  evolution  of  carbonic  acid  gas  on 
the  addition  of  carbonate  of  sodium,  and  abundant  evidence  of 
acid  on  applying  the  various  tests  to  small  portions  of  the  fluid 
presented  for  analysis,  collectively  form  sufficient  evidence  of  the 
occurrence  of  a  poisonous  amount  of  either  of  the  three  common 
mineral  acids.  Small  quantities  of  the  hydrochloric,  nitric,  and 
sulphuric  radicals,  occurring  as  metallic  salts  or  acids,  are  common 
normal  constituents  of  food;  hence  the  direction  to  disregard 
insignificant  indications.  If  the  fluid  under  examination  be  a 
vomit  or  the  contents  of  a  stomach,  and  an  antidote  has  been 
administered,  free  acid  will  not  be  found,  but,  instead,  a  large 
amount  of  the  corresponding  salt.^ 

For  Oxalic  Acid,  filter  or  strain  a  portion  of  the  liquid,  if  not 
already  clear,  and  add  solution  of  acetate  of  lead  so  long  as  a 
precipitate  occurs ;  collect  the  precipitate,  which  is  partly  oxalate 
of  lead,  on  a  filter,  wash,  transfer  it  to  a  test-tube  or  test-glass, 
add  a  little  water,  and  pass  hydrosulphuric  gas  through  the 
mixture  for  a  short  time ;  the  lead  is  thus  converted  into  the 
insoluble  form  of  sulphide,  while  oxalic  acid  is  set  free  in  the 
solution.  Filter,  boil  to  get  rid  of  hydrosulphuric  gas,  and  apply 
the  usual  tests  for  oxalic  acid  (see  p.  353)  to  the  clear  filtrate. 

The  contents  of  a  stomach  containing  oxalic  acid  is  often  of  a 
dark-brown  colour  with  a  tinge  of  green  (altered  blood  and 
mucus),  and  the  viscid  mixture  generally,  though  slowly,  affords 
some  clear  limpid,  almost  colourless,  liquid  by  filtration  on 
standing. 

For  Hydrocyanic  Acid,  the  three  chief  tests  may  be  applied  at 
once  to  the  liquid  or  semiliquid  organic  mixture,  whether  it  has 
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an  odour  of  hydrocyanic  acid  or  not.  Pirst : — half  fill  a  small 
porcelain  crucible  with  the  material,  add  eight  or  ten  drops  of 
strong  sulphuric  acid,  stir  gently  with  a  glass  rod,  and  invert 
over  the  mouth  of  the  crucible  a  watch-glass  moistened  with 
a  small  drop  of  solution  of  nitrate  of  silver ;  a  white  film  on 
the  silver  solution  is  probably  cyanide  of  silver,  formed  by  the 
action  of  the  gaseous  hydrocyanic  acid  on  the  nitrate  of  silver. 
Second : — prepare  a  small  quantity  of  the  organic  mixture  as 
before,  slightly  moistening  the  centre  of  the  watch-glass  with 
solution  of  potash ;  here,  again,  the  heat  generated  by  the  action 
of  the  strong  acid  is  sufficient  to  volatilize  some  of  the  hydro- 
cyanic acid,  which,  reacting  on  the  potash,  forms  cyanide  of 
potassium.  On  removing  the  watch-glass  and  stirring  into  it 
successively  solution  of  a  ferrous  salt,  a  ferric  salt,  and  hydro- 
chloric acid,  flocks  of  prussian  blue  are  produced  if  hydrocyanic 
acid  is  present.  Third : — proceed  as  before,  moistening  the 
watch-glass  with  sulphydrate  of  ammonium ;  after  exposure  to 
the  hydrocyanic  gas  for  five  or  ten  minutes,  add  a  drop  of  solu- 
tion of  ammonia,  evaporate  to  dryness  at  a  low  temperature, 
and  add  a  drop  of  hydrochloric  acid  and  of  solution  of  perchlo- 
ride  of  iron ;  a  blood-red  colour,  due  to  sulphocyanate  of  iron, 
is  produced  if  cyanogen  is  present. 

If  the  above  reactions  are  not  well  marked,  the  organic  mix- 
ture may  be  carefully  and  slowly  distilled  in  a  small  retort,  the 
neck  of  which  passes  into  a  bottle  and  dips  beneath  the  surface 
of  a  little  water  at  the  bottom  of  the  bottle,  and  the  reagents 
then  applied  to  separate  portions  of  the  distillate. 

The  examination  of  organic  mixtures  for  hydrocyanic  acid  must 
be  made  without  delay,  as  the  poison  soon  begins  to  decompose, 
and  in  a  day  or  two  is  usually  destroyed. 

Examination  for  Phosphorus, 

A  paste  containing  phosphorus  is  commonly  employed  for 
destroying  vermin.    In  cases  of  poisoning  the  phosphorus  is  com- 
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monly  in  sufficient  quantity  to  be  recognized  by  its  characteristic 
unpleasant  smell.  A  stomach  in  which  it  occurs  not  unfre- 
quently  exhibits  slight  luminosity  if  opened  in  a  dark  room. 
When  the  phosphorus  is  too  small  in  quantity  or  too  much  dif- 
fused to  afford  this  appearance,  a  portion  of  the  material  is  placed 
in  a  flask,  water  acidulated  by  sulphuric  acid  added,  a  long  wide 
glass  tube  fitted  to  the  neck  of  the  flask  by  a  cork,  and  the  mix- 
ture gently  boiled.  If  phosphorus  is  present  (even  1  part  in 
2,000,000,  according  to  De  Yry)  the  top  of  the  column  of  steam 
as  it  condenses  in  the  tube  will  appear  distinctly  phosphorescent 
when  viewed  in  a  dark  room.  From  its  liability  to  oxidation 
phosphorus  cannot  be  detected  after  much  exposure  of  an  organic 
mixture  to  air. 

Examination  for  Strychnia  and  Morphia. 

Strychnia. — If  solid  or  semisolid,  digest  the  matter  with  water 
and  about  ten  per  cent,  of  hydrochloric  acid  till  fluid,  filter, 
evaporate  to  dryness  over  a  water-bath.  If  the  organic  mixture 
is  already  liquid,  it  is  simply  acidulated  with  hydrochloric  acid 
and  evaporated  to  dryness.  The  acid  residue  is  next  treated 
with  spirit  of  wine  as  long  as  any  thing  is  dissolved,  the  filtered 
tincture  evaporated  to  dryness  over  the  water-bath,  and  the 
residue  digested  in  water  and  filtered.  This  slightly  acid  aqueous 
solution  must  now  be  rendered  alkaline  by  ammonia,  and  well 
shaken  in  a  closed  bottle  or  long  tube  with  about  half  an  ounce  of 
chloroform,  and  set  by  till  the  chloroform  has  subsided.  The 
chloroform  (which  contains  the  strychnia)  is  then  removed  by 
a  pipette,  the  presence  of  any  aqueous  liquid  being  carefully 
avoided,  and  evaporated  to  dryness  in  a  small  basin  over  a 
water-bath,  the  residue  moistened  with  concentrated  sulphuric 
acid,  and  the  basin  kept  over  the  water-bath  for  several  hours. 
(It  is  highly  important  that  the  sulphuric  acid  used  in  this 
operation  should  be  free  from  nitrous  compounds.    Test  the  acid, 
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therefore,  by  adding  powdered  sulphate  of  iron,  which  becomes 
pink  if  nitrons  bodies  are  present.  If  these  are  found,  the  acid 
should  be  purified  by  strongly  heating  with  sulphate  of  ammo- 
nium, seventy  or  eighty  grains  to  a  pint.)  The  charred  material 
is  exhausted  with  water,  filtered,  excess  of  ammonia  added,  the 
filtrate  shaken  with  about  a  quarter  of  an  ounce  of  chloroform, 
the  mixture  set  aside  for  the  chloroform  to  separate,  and  the 
chloroform  again  removed.  If  on  evaporating  a  small  portion  of 
this  chloroform  solution  to  dryness,  adding  a  drop  of  sulphuric 
acid  to  the  residue,  and  warming,  any  darkening  in  colour  or 
charring  takes  place,  the  strychnia  is  not  sufficiently  pure  for 
chemical  detection  ;  in  that  case  the  rest  of  the  chloroform  must 
be  removed  by  evaporation,  and  the  residue  redigested  in  warm 
sulphuric  acid  for  two  or  three  hours.  Dilution,  neutralization 
of  acid  by  ammonia,  and  agitation  with  chloroform  is  again 
practised,  and  the  residue  of  a  small  portion  of  the  chloroform 
solution  once  more  tested  with  sulphuric  acid.  If  charring  stiU 
occurs,  the  treatment  must  be  repeated  a  third  time.  Finally  a 
part  of  the  chloroform  solution  is  taken  up  by  a  pipette  and 
drop  after  drop  evaporated  on  one  spot  of  a  porcelain  crucible- 
lid  until  a  fairly  distinct  dry  residue  is  obtained.  A  drop  of 
sulphuric  acid  is  placed  on  the  spot,  another  drop  placed  near,  a 
minute  fragment  of  red  chromate  of  potassium  placed  in  the 
second  drop,  and,  when  the  acid  has  become  tinged  with  the 
chromate,  one  drop  drawn  across  the  other ;  the  characteristic 
evanescent  purple  colour  is  then  seen,  if  strychnia  is  present. 
Other  tests  {vide  p.  438)  may  be  applied  to  similar  spots. 

This  is  Girdwood  and  Eogers's  method  for  the  detection  of 
strychnia  when  mixed  with  organic  matter.  It  is  tedious  but 
trustworthy,  and,  though  apparently  complicated,  very  simple  in 
principle,  thus : — strychnia  is  soluble  in  acidulated  water  or 
alcohol,  or  in  chloroform,  readily  removed  from  an  alkaline  liquid 
by  agitation  with  chloroform,  and  not  charred  or  otherwise  at- 
tacked when  heated  to  212°  E.  with  sulphuric  acid :  much  of  the 
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organic  matter  of  the  food  is  insoluble  in  water ;  of  that  soluble 
in  water,  much  is  insoluble  in  alcohol ;  and  of  that  soluble  in 
both  menstrua,  all  is  charred  and  destroyed  by  warm  sulphuric 
acid  in  a  shorter  or  longer  time. 

Morphia  and  the  Meconic  Acid  with  which  it  is  associated  in 
Opium. — To  the  liquid  or  the  semifluid  mixture  warmed  for 
some  time  with  a  small  quantity  of  acetic  acid,  filtered,  and 
concentrated  if  necessary,  add  solution  of  acetate  of  lead  until 
no  further  precipitate  is  produced.  Filter  and  examine  the  pre- 
cipitate for  meconic  acid,  reserving  the  Jiltrate  for  the  detection 
of  morphia. 

The  Precipitate. — "Wash  the  precipitate  (meconate  of  lead  etc.) 
with  water,  place  it  in  a  test-tube  or  test-glass  with  a  small 
quantity  of  water,  pass  hydrosulphuric  acid  gas  through  the 
mixture  for  a  short  time,  filter,  slightly  warm  in  the  small  basin, 
well  stirring  to  promote  removal  of  excess  of  the  gas,  and  add  a 
drop  of  neutral  solution  of  perchloride  of  iron  ;  a  red  colour,  due 
to  the  formation  of  meconate  of  iron,  is  produced  if  meconic  acid 
is  present.  This  colour  is  not  destroyed  on  boiling  the  liquid,  as 
is  the  case  with  ferric  acetate,  nor  is  it  bleached  by  solution  of 
corrosive  sublimate,  thus  distinguishing  it  from  ferric  sulpho- 
cyanate.    It  is  discharged  by  hydrochloric  acid. 

The  Filtrate. — The  solution  from  which  meconic  acid  has  been 
removed  by  acetate  of  lead  is  evaporated  to  a  small  bulk  over  a 
water-bath,  excess  of  carbonate  of  potassium  added,  and  eva- 
poration continued  to  dryness.  The  residue  is  then  treated  with 
alcohol,  which  dissolves  the  morphia.  The  alcoholic  solution 
evaporated  similarly  may  leave  the  morphia  sufficiently  pure 
for  the  application  of  the  usual  tests  (vide  p.  428)  to  small 
portions  of  the  residue.  If  no  reaction  is  obtained,  add  a  drop  of 
sulphuric  acid  and  a  little  water  to  the  residue  and  shake  with 
ether,  in  which  the  salt  of  morphia  is  insoluble.  The  treatment 
with  ether  may  be  repeated  until  nothing  more  is  removed,  the 
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acid  aqueous  liquid  saturated  with  carbonate  of  potassium,  the 
mixture  evaporated  to  dryness,  the  residue  digested  in  alcohol, 
filtered,  and  portions  of  the  alcoholic  liquid  evaporated  to  obtain 
spots  of  morphia  for  the  application  of  the  ordinary  tests. 

If  much  organic  matter  is  believed  to  remain  in  the  filtrate 
after  the  acetate  of  lead  treatment,  or  if  a  considerable  excess  of 
acetate  of  lead  has  been  employed,  the  filtered  liquid  should  be 
subjected  to  a  current  of  sulphuretted  hydrogen  until  no  more 
sulphide  of  lead  is  precipitated,  the  mixture  filtered,  and  the 
filtrate,  with  the  washings  from  the  sulphide  of  lead,  evaporated  to 
a  small  bulk,  excess  of  carbonate  of  potassium  added,  the  whole 
well  mixed  and  agitated  with  twice  or  thrice  its  bulk  of  a  mixture 
of  ether  and  acetic  ether  (ether  alone  might  not  dissolve  the 
morphia).  On  standing,  the  ethereal  liquid  rises  to  the  surface  : 
it  is  carefully  removed,  evaporated  to  dryness,  and  the  residue 
tested  or  further  purified  in  the  manner  described  in  the  pre- 
ceding paragraph. 

The  examination  for  morphia  must  be  conducted  with  great 
care,  and  with  as  large  a  quantity  of  material  as  can  be  spared ; 
for  its  isolation  from  other  organic  matter  is  an  operation  of  con- 
siderable difficulty,  especially  when  only  a  minute  proportion  of 
alkaloid  is  present.  Fortunately  the  detection  of  meconic  acid 
does  not  include  similar  difficulties ;  and  as  its  reactions  are  quite 
characteristic,  its  presence  is  held  to  be  strong  evidence  of  the 
existence  of  opium  in  an  organic  mixture. 

Examination  for  other  Poisonous  Alkaloids. 

Stasis  Process, — Minutely  subdivide  any  solid  matter ;  to  this 
and  the  liquid  portion  of  the  vomit,  etc.  add  about  twice  their 
weight  of  the  strongest  spirit  of  wine  containing  sufficient  tartaric 
acid  to  fairly  acidify  the  mixture.  Digest  the  whole  in  a  flask 
at  a  temperature  of  150°  or  160° P.;  set  aside  to  cool;  filter. 
The  solution,  which  will  contain  the  whole  of  the  alkaloid,  should 
then  be  evaporated  nearly  to  dryness  in  vacuo,  or  at  all  events  at 
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a  temperature  not  exceeding  100°  P.,  lest  Yolatile  alkaloids  should 
be  dissipated.  The  residue  is  next  exhausted  with  cold  anhy- 
drous alcohol;  filtered;  and  the  filtrate  evaporated  to  dryness 
with  the  precautions  already  stated.  The  extract  is  dissolved  in 
a  very  small  quantity  of  water,  treated  with  excess  of  powdered 
bicarbonate  of  sodium  or  potassium,  and  well  shaken  with  five  or 
six  times  its  volume  of  pure  ether  (with  perhaps  a  little  acetic 
ether).  This  ethereal  liquid  contains  the  alkaloid.  Small  por- 
tions should  be  evaporated  in  watch-glasses  and  tasted,  or  tested 
physically  and  chemically,  according  as  the  knowledge  of  col- 
lateral circumstances  by  the  operator,  or  his  experience,  or  such  re- 
actions as  are  recorded  on  pp.  440-447,  may  suggest.  (See  Table.) 

If  a  volatile  alkaloid  (conia,  nicotia,  hyoscyamia,  lobelina)  is 
indicated,  the  ethereal  solution,  which  may  still  contain  animal 
matter,  is  removed,  agitated  with  aqueous  solution  of  potash, 
decanted,  and  shaken  with  pure  diluted  sulphuric  acid.  On 
standing,  the  aqueous  portion,  containing  the  alkaloid  as  acid 
sulphate,  subsides ;  the  upper  ethereal  portion  containing  the 
animal  matter  is  rejected ;  the  acid  aqueous  liquid  is  made 
alkaline  with  caustic  potash  or  soda ;  ether  added ;  well  shaken ;  | 
the  ethereal  liquid  decanted,  evaporated  to  dryness  in  vacuo,  or  | 
at  a  low  temperature ;  and  (to  get  rid  of  all  traces  of  ammonia) 
again  moistened  with  ether  and  dried.  The  residue  is  now 
tested  for  the  suspected  alkaloid  by  taste,  smell,  and  the  applica- 
tion of  appropriate  reagents  (pp.  440-447).    (See  Table.) 

If  a  non-volatile  alkaloid  (aconitia,  atropia,  brucia,  colchicia, 
emetia,  physostigmia,  solania,  veratria,  as  well  as  morphia, 
codeia,  and  strychnia)  is  indicated,  further  purification  is  efiected 
by  decanting  the  ethereal  liquid  from  the  lower  aqueous  solution 
of  bicarbonate  of  sodium,  removing  the  ether  by  evaporation, 
digesting  the  residue  in  alcohol,  filtering,  evaporating  the  alcohol, 
treating  the  residue  with  dilute  sulphuric  acid,  setting  aside  for 
a  few  hours,  filtering,  concentrating,  adding  powdered  carbonate 
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The  following  is  Brunner's  Tabular  Scheme  for  the  separation  from  each  other  of  poisonous  alkaloids  by  the  Stas-Otto  method:— 

TABLE  OF  REACTIONS  FOR  POISONOUS  ALKALOIDS,  ETC.  ACCORDING  TO  THE  PROCESS  BY  s|aS-OTTO. 


Absorbed  by  Ether  from  Acid  Solution  *. 


>lution  yel- 
nitrio  acid 
colours  it  violet. 

If  the  nitric 
acid  solution  is 
diluted  and 
made  alkalint 
with  NaHO,  an 
orange-red  co- 
'  ion  is  pro- 


Mixed  with 
solution  of  ox- 
gall and  concen- 
trated sulphuric 
acid  a  fine  red 

dueed  at  i^st, 
afterwards  a  rec? 
liquid. 


concentrated 
8ulj)hurie  acid 
a  trace  of 
bromine  added, 
a  violet-red  co- 
loration ap- 
pears. 


PiCSOTOXIN. 


The  colourless  so- 
lution in  water  con- 
taining soda  is  re- 
duced by  Fehling's 
copper-solutiou. 


Absorbed  by  Ether  from  Alkaline  Solution  t- 


Solid  (without  odour). 


With  concentrated  sulphuric  acid. 


Brucia. 


Dissolves  in 
concentrated 
nitric  acidwith  a 
light  red  colour, 
which  on  warm- 
ing changes  to 
yellow;  il  then 
chloride  of  tin 
is  added,  a  blue- 
violet  colour 
appears. 


Brownish  red. 


Delphinia. 


NYithconcen- 
tratedaulphm-ic 
acid  and  bro- 
mine water 
violet-red.  The 
same  coloration 
appears  on  eva- 
porating with 
phosphoric  acid, 

Aconitia  dis- 
solves with  a 
broivn-red  eo- 
lom-  in  sulphu- 


On  warming. 


First  yellow, 
then  orange  and 
cherry-red. 


concentratedhy- 
drochloric  acid 
without  colour, 


First  yellow, 
then  blue-violet 
and  dark  red. 


Naecotina. 


The  solution 
in  H2SO4  and 
on  addition  of  a 
trace  of  HNO3 
is  red ;  concen- 
trated H2SO4, 
which  contains 
a  trace  of  mo- 
lybdate  of  so- 
dimn,  is  co- 
loured green. 

Dissolves  in 
chlorine-water 
ih  white. 


but  ( 


addin 


ISH^yellow-red. 


Stetchnia, 


Solution  in 
HNO3  yellow; 
the  blue-violet 
colour  appears 
also,  when  in- 
stead of  the 
EgCrjO^,  MnOg, 
PbOj,  red  prus- 
siate  of  potas- 
sium or  iodate 
of  ijotassium  is 
taken. 


Ateopia. 


The  fragrant 
odour  appears 
more  certain 
and  distinct 
when  a  few 
crystals  of  chro- 
mic acid  are 
placed  upon  the 
alkaloid  and 
very  gently 
warmed  until 
green  oxide  of 
chromium  be- 
gins to  foi-m. 


With  concentrated 
phosphor  c  acid  on 
warr  ung. 


ACOI<tTI. 


Produces  a  violet 
coloration.  Es  dissolved 
by  concentrated  sulphu- 
ric acid  wiUi  a  fwmn- 
brown  colour. 

Delphinia  and  digita- 
lin  produce!  the  same 
reaction  witli  concen- 
trated phosUhoric  acid 


Liquid  (strong  odour). 


With  chlorine-water. 


Aqueous  so- 
lution becomes 
coloured  on 
warming. 

Dry  muriatic 
acid  gas  colours 
it  first  red,  then 
deep  blue. 


Not  precipitablt 


Aqueous  so- 
lution not  co- 
loured on 
warming. 


violet 
on  gently  warm- 
ing with  hydro- 
chloric acid ;  if 
nitric  acid  is 
added,  then  the 
colour  changes 
to  orange. 


t  Aluo,  partially,  Colchieina  and  Digitaiiu 


MOEPHIA. 


The  solution  made 
alkaline  with  ammonia 
produces,  on  warming 
with  ammonio-oxide  of 
copper,  a  grass-green 
solution  (Nadler).  Con- 
centrated nitric  acid  co- 
lours it  blood-red,  neutral 
perehloride  of  iron  dark 
blue.  When  dissolved  in 
concentrated  sulphuric 
acid,  wai-med,  allowed  to 
cool,and  some  nitric  acid 
added,  an  intense  red 
colour  appears.  Eeduces 
from  a  solution  of  iodic 
acid,  iodine,  which  dis- 
solves in  bisulphide  of 
carbon  with  a  violet 
colour. 
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of  potassium,  and  finally  anhydrous  alcohol.  The  alcoholic 
liquid,  on  evaporation,  yields  the  alkaloid  in  a  fit  state  for  testing 
in  the  manner  already  stated.    (See  also  the  annexed  Table.) 

Sonnenschein^ s  Process. — Digest  with  diluted  hydrochloric  acid, 
evaporate  to  the  consistence  of  syrup,  dilute,  set  aside  for  some 
hours,  filter.  Add  solution  of  phosphomolybdic  acid  so  long  as 
any  precipitate  falls  or  cloudiness  occurs ;  collect  the  precipitate 
on  a  small  filter ;  wash  it  with  water  containing  phosphomolybdic 
and  nitric  acid,  and,  while  still  moist,  place  it  in  a  fiask.  Decom- 
pose this  compound  of  phosphomolybdic  acid  and  alkaloid  by 
adding  caustic  baryta  until  the  stirred  mixture  is  distinctly 
alkaline.  Distil  off  volatile  alkaloids,  condensing  and  collecting 
by  help  of  a  long  tube,  so  bent  that  the  apparatus  shall  act  as 
a  retort,  the  end  of  the  tube  being  attached  to  a  bulb  or  a  series 
of  bulbs  containing  dilute  hydrochloric  acid.  The  acid  liquid 
evaporated  gives  a  residue  of  hydrochlorates  of  alkaloids.  The 
latter  wiU  afi'ord  characteristic  reactions  with  the  tests  for  the 
suspected  alkaloid,  and  on  being  moistened  with  baryta-water 
and  warmed,  will  afford  fumes  of  volatile  alkaloids  whose  odour 
is  usually  characteristic.  The  residue  in  the  flask  wiU  contain 
non-volatile  alkaloids.  It  is  treated  with  carbonic  acid  gas 
to  neutralize  and  precipitate  the  excess  of  baryta  as  insoluble 
carbonate  of  barium ;  the  mixture  is  evaporated  to  dryness 
over  a  water-bath ;  and  the  residue  digested  in  alcohol.  The 
alcoholic  solution  evaporated  generally  yields  the  alkaloids  in  a 
fit  state  for  testing. 

Phosphomolybdic  acid  forms  with  ammonia,  in  acid  solutions, 
a  remarkably  insoluble  compound,  and  it  comports  itself  in  a 
similar  manner  with  those  compounds  which  are  analogous  to 
ammonia — the  nitrogenized  organic  bases — consequently  forming 
an  excellent  reagent  for  their  detection.  It  may  be  prepared  in 
the  following  manner  : — Molybdate  of  ammonium  is  precipitated 
by  phosphate  of  sodium ;  the  yellow  precipitate,  having  been 
washed,  is  diffused  through  water,  and  heated  with  sufficient  car- 
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bonate  of  sodium  to  dissolve  it.  The  solution  is  then  evaporated 
to  dryness,  and  calcined  to  drive  off  the  ammonia.  In  case  any 
of  the  molybdic  compound  be  reduced  by  this  operation,  the 
residue  must  be  moistened  with  nitric  acid  and  again  calcined. 
The  dry  mass  is  then  dissolved  in  cold  water,  the  solution  strongly 
acidulated  with  nitric  acid,  and  water  added  until  ten  parts  of  the 
solution  contain  one  of  the  dry  salt.  The  liquid,  which  is  of  a 
golden-yellow  colour,  must  be  preserved  from  ammoniacal  fumes. 
It  precipitates  all  the  alkaloids  (with  the  exception  of  urea)  when 
a  mere  trace  only  is  present.  The  precipitates  are  yellow,  gene- 
rally flocculent,  insoluble  in  water,  alcohol,  ether,  and  the  dilute 
mineral  acids,  with  the  exception  of  phosphoric  acid.  ISTitric, 
acetic,  and  oxalic  acids,  concentrated  and  boiling,  dissolve  them. 
These  compounds  are  decomposed  by  the  alkalies,  certain  metallic 
oxides,  and  the  alkaline  salts,  which  separate  the  alkaloid.  To 
give  an  idea  of  the  sensitiveness  of  this  reagent,  it  may  be  stated 
that  the  0*000071  gramme  of  strychnia  gives  an  appreciable 
precipitate  with  one  cubic  centimetre  of  the  solution  of  phos- 
phomolybdic  acid. 


ANTIDOTES 
Vide  "  Antidotes  "  in  the  Index. 


QUESTIOJ^S  A^J)  EXEECISES. 

874.  In  examining  food  and  similar  matter  for  poison,  why 
must  not  the  ordinary  tests  for  the  poison  be  at  once  applied  ? 

875.  "What  preliminary  operations  should  be  performed  on  a 
vomit  in  a  case  of  suspected  poisoning  ? 

87 6.  How  would  you  proceed  in  searching  for  corrosive  subli- 
mate in  wine  ? 

877.  By  what  series  of  operations  would  you  satisfy  your- 
self of  the  presence  or  absence  of  arsenic  in  the  contents  of  a 
stomach  ? 

878.  Describe  the  treatment  to  which  decoction  of  coffee  should 
be  subjected  in  testing  it  for  tartar-emetic. 

879.  State  the  method  by  which  the  occurrence  of  lead  in 
water  is  demonstrated. 

880.  Give  a  process  for  the  detection  of  copper  in  jam. 

881.  How  would  you  detect  zinc  in  a  vomit? 
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882.  How  may  the  presence  of  a  poisonous  quantity  of  sul- 
phuric acid  in  gin  be  proved  ? 

883.  In  examining  ale  for  free  nitric  acid  what  reactions 
would  be  selected? 

884.  Show  how  you  would  conclude  that  a  dangerous  quantity 
of  hydrochloric  acid  had  been  added  to  cider. 

885.  Describe  the  manipulations  necessary  in  testing  for 
hydrocyanic  acid  in  the  contents  of  a  stomach. 

886.  By  what  method  is  oxalic  acid  discovered  in  infusion  of 
coffee  ? 

887.  How  is  phosphorus  detected  in  organic  mixtures  ? 

888.  Give  the  process  by  which  strychnia  is  isolated  from 
partially  digested  food. 

889.  Mention  the  experiments  by  which  the  presence  of 
laudanum  in  porter  is  demonstrated. 

890.  i^ame  the  appropriate  antidotes  in  cases  of  poisoning 
by  : — a,  alkaloids  ;  6,  antimonials  ;  c,  arsenic  ;  barium  salts  ; 
€,  copper  compounds  ;  /,  hydrochloric  acid ;  hydrocyanic  acid ; 
7^,  preparations  of  lead ;  ^,  corrosive  sublimate  ;      nitric  acid ; 

oxalic  acid  ;  Z,  salts  of  silver ;  m,  oil  of  vitriol ;  tin  liquors  ; 
0,  zinc  solutions ;      carbolic  acid. 
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EXAMINATION  OF  MORBID  UEINE  AND 
CALCULI. 


The  various  products  of  the  natural  and  continuous  decay  of 
animal  tissue  and  the  refuse  matter  of  food  are  eliminated  from 
the  system  chiefly  as  faeces,  urine,  and  expired  air.  Air  exhaled 
from  the  lungs  carries  off  from  the  blood  much  carbon  (about 
8  ounces  in  24  hours),  in  the  form  of  carbonic  acid  gas,  and 
some  aqueous  vapour — the  latter,  together  with  a  small  amount 
of  oily  matter,  also  escaping  by  the  skin.  Directing  the  breath 
to  a  cold  surface  renders  moisture  evident;  and  breathing  through 
a  tube  into  lime-water  demonstrates  the  presence  of  a  consider- 
able quantity  of  carbonic  acid  gas.  The  faeces  consist  mainly  of 
the  insoluble  debris  of  the  system,  the  soluble  matters  and  water 
forming  the  urine.  These  excretions  vary  considerably,  according 
to  the  food  and  general  habits  of  the  individual  and  external 
temperature.  But  in  disease  the  variations  become  excessive ; 
their  detection  by  the  medical  practitioner,  or  by  the  pharmacist 
for  the  medical  practitioner,  is  therefore  a  matter  of  importance. 

A  complete  analysis  of  fa3ces,  urine,  or  expired  air  cannot  be 
performed  in  the  present  state  of  our  knowledge.  JN^or  can  even 
a  partial  analysis  of  faeces  or  air  be  made  with  sufficient  ease  and 
rapidity  to  be  practically  available  in  medical  diagnosis.  Eut  with 
regard  to  urine,  certain  abnormal  substances  and  abnormal  quan- 
tities of  normal  constituents  may  be  chemically  detected  in  the 
course  of  a  few  minutes  by  any  one  having  already  some  know- 
ledge of  chemical  manipulation. 

Healthy  human  urine  contains,  in  1000  parts,  957  of  water, 
14  of  urea,  1  of  uric  acid,  15  of  other  organic  matter,  and  13  of 
inorganic  salts.  The  amount  passed  in  twenty-four  hours  varies 
from  two  to  three  pints  in  an  adult,  and  its  specific  gravity,  if 
healthy,  will  range  from  1015  to  1025.  The  acidity  of  urine 
Thudichum  considers  to  be  due  to  cry^tophanic  acid,  H^Cgll^NOg. 

EXAMINATIOIS'  OE  MoEBID  UeINE  POR  AlBUMEJ^^,  SuGAE,  EiLE,  AND 

Excess  oe  Urea  ;  ai^d  Uriis^ary  Sediment  eor  Urates  (or 
LiTHATEs),  Phosphates,  Oxalate  oe  Calcium,  and  Uric 
Acid. 

Albumen, — To  detect  albumen,  acidulate  a  portion  of  the  clear 
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urine  in  a  test-tube  with  a  few  drops  of  acid  (to  keep  phosphates 

in  solution :  nitric  is  best,  acetic  not  so  good)  and  boil ;  flocks  or 

coagula  will  separate  if  albumen  be  present. 

This  experiment  should  first  be  made  on  normal  urine  con- 
taining a  drop  or  two  of  solution  of  white  of  egg.  The  coagulum 
is  white  if  it  is  only  albumen,  greenish  if  bile-pigment  be  present, 
and  brownish-red  if  the  urine  contain  blood.  The  influence  of 
acids  and  alkalies  on  the  precipitation  of  albumen  is  noticed  on 
page  504. 

The  occurrence  of  albumen  in  the  urine  may  be  temporary  and 
of  but  little  importance ;  or  it  may  indicate  the  existence  of  a 
serious  aflection,  known  as  Eright's  disease. 

Sugar. — To  a  portion  of  the  clear  urine  in  a  test-tube  add 
five  or  ten  drops  of  solution  of  sulphate  of  copper ;  pour  in 
solution  of  potash  or  soda  until  the  precipitate  first  formed  is 
redissolved  ;  slowly  heat  the  solution  to  near  the  boiling-point : 
a  yellow,  yellowish-red,  or  red  precipitate  (cuprous  oxide)  is 
formed  if  sugar  be  present. 

This  experiment  should  first  be  made  on  urine  containing  a 
drop  or  two  of  solution  of  grape-sugar  (p.  458).  The  hydrate  of 
copper  precipitated  by  the  alkali  is  insoluble  in  excess  of  pure 
potash  or  soda,  out  readily  dissolves  if  organic  matter,  especially 
sugar,  be  present.    The  copper  salt  must  not  contain  iron. 

Other  tests  may  be  applied  if  necessary  {vide  page  460). 

A  minute  amount  of  sugar  is  said  to  occur  in  normal  urine, 
and  a  distinct  trace  is  occasionally  present.  In  larger  quantities 
(often  5  per  cent.)  it  is  a  characteristic  constituent  of  the  urine  of 
diabetic  patients,  greatly  increasing  the  specific  gravity  of  the 
excretion.  Small  hydrometers  (termed  urinometers)  are  commonly 
employed  for  quickly  and  readily  ascertaining  the  specific  gravity 
of  urine ;  they  range  from  1000  to  1050,  the  interval  of  1015  to 
1025  being  marked  as  ''n.  s."  or  "  healthy  state."  {Vide  "Specific 
Gravity and  "  Hydrometers  "  in  Index.) 

Bile. — This  is  best  detected  by  the  general  test  (Pettenkofer's) 
described  on  page  512.  Or  a  little  of  the  urine  may  be  placed 
on  a  white  plate  and  strong  nitric  acid  dropped  on  it ;  a  peculiar 
play  of  colours — green,  yellow,  violet,  etc. — occurs  if  (the  colour- 
ing-matter of)  bile  be  present. 

Excess  of  t/rea.™ About  one  third  of  the  solid  matter  in  the 
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urine  is  nrea.  Its  proportion  varies  considerably;  but  IJ  per 
cent,  may  be  regarded  as  an  average  amount.  Concentrate 
urine  slightly  by  evaporation  in  a  small  dish,  pour  the  liquid 
into  a  test-tube,  set  the  tube  aside  till  cold,  or  cool  it  by  letting 
cold  v^^ater  run  over  the  outside,  add  an  equal  bulk  of  strong 
nitric  acid  and  again  set  aside ;  scaly  crystals  of  nitrate  of  urea 
are  deposited  more  or  less  quickly. 

With  regard  to  the  amount  of  urea  in  urine,  it  is  impossible 
to  sharply  define  excess  or  deficiency.  If  nitric  acid  gives  crys- 
tals without  concentration,  excess  is  certainly  present.  A  rough 
estimate  may  be  formed  by  mixing  a  few  drops  of  the  urine  and 
acid  on  a  piece  of  glass  and  setting  aside ;  the  time  which  elapses 
before  crystals  form  is  an  indication  of  the  quantity  in  the  spe- 
cimen. The  time  will  vary  according  to  the  temperature  and 
state  of  moisture  of  the  atmosphere ;  but  with  care  some  useful 
comparative  results  may  in  this  way  be  obtained. 

Tests. — Urea  in  solution  in  water  may  be  detected  by  the  above 
reaction  with  nitric  acid,  and  by  the  readiness  with  which  it 
yields  ammonia  on  being  boiled  with  alkalies.  In  putrid  urine 
its  conversion  into  an  ammoniacal  salt  has  already  been  effected. 

CH,N,0     +     2H,0      =  (NH,),C03. 

Urea.  Water.  Carbonate  of  ammonium. 

Formula  of  Urea, — The  empirical  formula  of  urea  is 

(coyi 

Its  rational  formula  may  be  thus  written : —         I      ;  that  is, 

it  may  be  regarded  as  one  of  the  organic  bases  already  referred 
to,  a  primary  diamine,  in  which  the  bivalent  radical  CO  occupies 
the  place  of  H^.  The  other  atoms  of  hydrogen  may  be  displaced 
by  various  radicals,  and  many  compound  ureas  be  thus  obtained. 

Artificial  Urea. — Urea  may  be  prepared  artificially  by  Wil- 
liams's modification  of  Wcihler's  method.  Cyanide  of  potassium,  of 
the  best  commercial  quality  (containing  about  90  per  cent,  of  real 
cyanide),  is  fused  at  a  very  low  red  heat  in  a  shallow  iron  vessel ; 
red  lead  is  added  in  small  quantities  at  a  time,  the  temperature 
being  kept  down  by  constant  stirring.  When  the  red  lead 
ceases  to  cause  further  action  the  mixture  (cyanate  of  potassium 
and  lead)  is  allowed  to  cool,  the  product  finely  ]3owdered,  ex- 
hausted with  cold  water,  nitrate  of  barium  added  till  no  more 
precipitate  (carbonate  of  barium)  falls,  the  mixture  filtered  and 
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the  filtrate  treated  with  nitrate  of  lead  so  long  as  cyanate  of  lead 
is  thrown  down.  The  latter  is  thoroughly  washed,  and  dried  at 
a  low  temperature.  Equivalent  quantities  of  cyanate  of  lead  and 
sulphate  of  ammonium  digested  in  a  small  quantity  of  water  at  a 
gentle  heat  {vide  p.  377)  and  filtered  yield  a  solution  from  which 
urea  crystallizes  on  cooling. 

Another  process. — Easaroff  has  found  that  urea  is  produced 
when  ordinary  carbonate  of  ammonium  is  heated  in  hermetically 
sealed  tubes  to  about  275°  F.  for  a  few  hours.  The  same  chemist 
had  previously  obtained  urea  by  similarly  heating  pure  carbamate 
of  ammonium ;  so  that  the  source  of  the  urea  in  the  former  case  is 
probably  the  carbamate  of  ammonium  believed  to  occur  in  the 
carbonate  (see  p.  92). 


IJEmiKY  Sediments. 
Warm  the  sediment  with  the  supernatant  urine  and  filter. 


Insoluble. 
Phosphates,  oxalate  of  calcium,  and 

uric  acid. 
Warm  with  acetic  acid,  and  filter. 

Soluble. 
Urates  —  of  ammo- 
nium, calcium,  or 
sodium,  chiefly  the 
latter. 

They  are  rede- 
posited  as  the  li- 
quid cools,  and  if 
sufficient  in  quan- 
tity may  be  fur- 
ther examined  for 
ammonium,  cal- 
cium, sodium,  and 
the    uric  radical 
by  the  appropriate 
tests. 

Insoluble. 
Oxalate  of  calcium  and  uric 
acid. 

Warm  with  hydrochloric 
acid,  filter. 

Soluble. 
Phosphates. 
Add  ammo- 
nia, white  ppt. 
=  phosphate 
of  calcium,  or 
ammonio-mag- 
nesium  phos- 
phate, or  both. 

Insoluble. 

Uric  acid. 

Apply  mu- 
rexid  test  (p. 
403). 

Soluble. 
Oxalate  of  cal- 
cium. 
May  be  re- 
precipitated  by 
ammonia. 

Notes. — Urinary  deposits  are  seldom  of  a  complex  character : 
the  action  of  heat  and  acetic  and  hydrochloric  acids  generally  at 
once  indicates  the  character  of  the  deposit,  rendering  filtration 
and  precipitation  unnecessary. 

The  urates  are  often  of  a  pink  or  red  colour,  owing  to  the  pre- 
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senceof  a  pigment  iermedi  j)UTj)ur{ne  ;  hence  the  common  name  of 
red  gravel  for  such  deposits.  Purpurine  is  soluble  in  alcohol,  and 
may  be  removed  by  digesting  a  red  deposit  in  that  solvent.  It 
is  seldom  necessary  to  determine  whether  the  urate  be  that  of  am- 
monium, calcium,  or  sodium  (see  also  Uric  Acid,  page  402). 

phosphate  of  calcimn  and  the  ammonio-magnesium  phos- 
phate are  usually  both  present  in  a  phosphatic  deposit,  the  mag- 
nesium salt  forming  the  larger  proportion.  They  may,  if  neces- 
sary, and  if  sufficient  in  quantity,  be  separated  by  collecting  on  a 
filter,  washing,  and  boiling  with  solution  of  carbonate  of  sodium. 
The  carbonates  of  calcium  and  magnesium  thus  formed  are  col- 
lected on  a  filter,  washed,  and  dissolved  in  a  drop  or  two  of  hydro- 
chloric acid ;  chloride  of  ammonium,  ammonia,  and  carbonate  of 
ammonium  are  added,  and  the  mixture  boiled  and  filtered;  any  cal- 
cium originally  present  will  then  remain  insoluble  as  carbonate 
of  calcium  ;  while  any  magnesium  will  be  precipitated  from  the 
filtrate  as  ammonio-magnesium  phosphate  on  the  addition  of 

phosphate  of  sodium,  the  mixture  being  also  well  stirred.  The 

chief  portion  of  excreted  phosphates  is  carried  off  by  the  faeces, 
that  remaining  in  the  urine  being  kept  in  solution  by  the  influ- 
ence of  acid  phosphate  of  sodium  and,  frequently,  lactic  acid.  ■ 

Occasionally,  an  hour  or  two  after  a  hearty  m.eal,  the  urine  be- 
comes sufficiently  alkaline  for  the  phosphates  to  be  deposited,  and 

the  urine  when  passed  is  turbid  from  their  presence.  The  ammo- 

niacal  constituent  of  the  magnesium  salt  does  not  occur  normally, 
but  is  produced  from  urea  as  soon  as  urine  becomes  alkaline. 

Oxalate  of  calcium  is  seldom  met  with  in  excessive  amounts, 
but  very  often  in  small  quantities  mixed  with  phosphates.  In 
one  case  of  oxaluria  the  whole  urine  excreted  by  a  patient  in 
twenty-four  hours  furnished  to  the  author  only  two  thirds  of  a 
grain  of  oxalate  of  calcium. 

Free  uric  acid  is  in  most  cases  distinctly  crystalline,  and  nearly 
always  of  a  yellow,  red,  or  brown  colour. 

Artificial  sediments. — For  educational  practice,  artificial  de- 
posits maybe  obtained  as  follows  : — I.  Rub  up  in  a  mortar  a  few 
grains  of  serpent's  excrement  (chiefly  urate  of  ammonium)  with 
an  ounce  or  two  of  urine ;  this  represents  a  sediment  of  urates. 
2.  Add  a  few  drops  of  solution  of  chloride  of  calcium  and  of 
phosphate  of  sodium  to  urine;  the  deposit  may  be  regarded  as 
one  of  phosphates.  3.  To  an  ounce  or  two  of  urine  add  very  small 
quantities  of  chloride  of  calcium,  and  oxalate  of  ammonium ;  the  preci- 
pitate is  oxalate  of  calcium.  4.  To  urine  acidulated  by  hydrochloric 
acid  add  a  little  serpent's  excrement ;  the  sediment  is  uric  acid. 
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Other  deposits  than  the  foregoing  are  occasionally  observed. 
Thus  Mppuric  acid  (HCgH^N'Og),  a  normal  constituent  of  human 
urine,  and  largely  contained  in  the  urine  of  herbivorous  animals, 
is  sometimes  found  associated  with  uric  acid  in  urinary  sediment, 
especially  in  that  of  patients  whose  medicine  contains  benzoic 
acid  (p.  378).  Its  appearance,  as  observed  by  aid  of  the  micro- 
scope, is  characteristic — namely,  slender,  four-sided  prisms,  having 
pointed  ends.  Cystin  (Cgll^NSO^)  (from  kvotls,  hlstis,  a  bladder, 
in  allusion  to  its  origin)  rarely  occurs  as  a  deposit  in  urine.  It 
is  not  soluble  in  warm  urine  or  dilute  acetic  acid,  and  scarcely 
in  dilute  hydrochloric  acid — hence  would  be  met  with  in  testing 
for  free  uric  acid.  It  is  very  soluble  in  ammonia,  recrystallizing 
from  a  drop  of  the  solution  placed  on  a  piece  of  glass  in  charac- 
teristic microscopic  six-sided  plates.  Organized  sediments  may 
be  due  to  the  corpuscles  of  pus,  mucus,  or  blood,  fat-globules, 
spermatozoa,  cylindrical  casts  of  the  tubes  of  the  kidneys,  epi- 
thelial cells  from  the  waUs  of  the  bladder,  or  foreign  matters,  such 
as  fibres  of  wool,  cotton,  small  feathers,  dust ;  these  are  best  re- 
cognized by  the  microscope. — See  accompanying  Plates,  and  the 
following  paragraphs  on  the  microscopic  appearances  of  both 
crystalline  and  organized  urinary  sediments. 

MiCEOscopic  ExAMiJ^ATioisr  OP  Uein-aey  Sedimekts. 

Urine  containing  insoluble  matter  is  usually  more  or  less 
opaque.  For  microscopical  examination  a  few  ounces  should  be 
set  aside  in  a  conical  test-glass  for  an  hour  or  two,  the  clear 
supernatant  urine  poured  off  from  the  sediment  as  far  as  possible, 
a  small  drop  of  the  residue  placed  on  a  slip  of  glass  and  covered 
with  a  piece  of  thin  glass,  and  examined  under  the  microscope 
with  different  magnifying-powers. 

The  respective  appearances  of  the  various  crystalline  and 
organized  matters  are  given  in  the  annexed  Plates  (figs.  50 
to  61),  the  figures  of  which  were  kindly  drawn  by  H.  B. 
Brady,  P.R.S.,  from  natural  specimens  in  the  collections  of 
St.  Bartholomew's  Hospital,  Dr.  Sedgwick,  W.  W.  Stoddart, 
P.C.S.,  Mr.  Waddington,  and  the  Author. 
Uric  acid  occurs  in  many  forms,  most  of  which  are  given  in 
the  first  Plate.    Plat,  more  or  less  oval  crystals,  sometimes  at- 
tached to  each  other,  their  outline  then  resembling  an  8,  a  cross 
or  a  star,  are  common.    Single  and  grouped  quadratic  prisms, 
aigrettes,  spicula,  and  crystals  recalling  dumbbells  are  met  with. 
Prom  urine  acidulated  by  hydrochloric  acid  square  crystals,  two 
opposite  sides  smooth  and  two  jagged,  are  generally  deposited  : 
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acidulated  by  acetic  acid  more  tj^pical  forms  are  obtained.  A 
drop  of  solution  of  potash  or  soda  placed  on  the  glass  slip  will 
dissolve  a  deposit  of  uric  acid,  a  drop  of  any  acid  reprecipitating 
it  in  minute  but  characteristic  crystals. 

Cystin  is  very  rarely  met  with  as  a  urinary  deposit ;  that  from 
which  the  figure  on  Plate  I.  was  taken  was  found  in  the  urine  of 
a  patient  in  St.  Bartholomew's  Hospital.  Lamellae  of  cystin  al- 
ways assume  an  hexagonal  character ;  but.  the  angles  are  some- 
times ill  defined  and  the  plates  superposed :  in  the  latter  case,  a 
drop  of  solution  of  ammonia  placed  on  the  glass  at  once  dissolves 
the  deposit,  well-marked  six-sided  crystals  appearing  as  the  drop 
dries  up. 

Triple  PliospJiate  (phosphate  of  magnesium  and  ammonium)  is 
deposited  as  soon  as  urine  becomes  alkaline,  the  ammoniacal  con- 
stituent being  furnished  by  the  decomposition  of  urea.  It  occurs 
in  large  prismatic  crystals,  forming  a  beautiful  object  when  viewed 
by  polarized  light, — sometimes  also  in  ragged  stellate  or  arbores- 
cent crystals,  resembling  those  of  snow.  Eoth  forms  may  be  ar- 
tificially prepared  by  adding  a  small  lump  of  carbonate  of  ammo- 
nium to  a  few  ounces  of  urine  and  setting  aside  in  a  test-glass. 

Amorplious  deposits  are  either  earthy  pliospliates  (a  mixture  of 
phosphates  of  magnesium  and  calcium)  or  urates  (of  calcium, 
magnesium,  ammonium,  potassium,  or  sodium — chiefly  the  latter). 
They  may  be  distinguished  by  the  action  of  a  drop  of  acetic  acid 
placed  near  the  sediment  on  the  glass  slip,  the  effect  being 
watched  under  the  microscope ;  phosphates  dissolve,  while  urates 
gradually  assume  characteristic  forms  of  uric  acid.  Urates  re- 
dissolve  when  warmed  with  the  superuatant  urine. 

Urates  of  Sodium  and  Magnesium,  though  generally  amor- 
phous, occasionally  take  a  crystalline  form — bundles  or  tufts  of 
small  needles — as  shown  in  the  Plate. 

Oxalate  of  Calcium  commonly  occurs  in  octahedra  requiring 
high  magnifying-power  for  their  detection.  The  crystals  are 
easily  overlooked  if  other  matters  are  present,  but  are  more 
distinctly  seen  after  phosphates  have  been  removed  by  acetic 
acid.  In  certain  aspects  the  smaller  crystals  look  like  square 
plates  traversed  by  a  cross.  A  dumbbell-form  of  this  deposit  is 
also  sometimes  seen,  resembling  certain  forms  of  uric  acid  and 
the  coalescing  spherules  of  a  much  rarer  sediment — carbonate  of 
calcium.  Oxalate  of  calcium  is  insoluble  in  acetic  but  soluble  in 
hydrochloric  acid.  The  octahedra  are  frequently  met  with  in  the 
urine  of  persons  who  have  partaken  of  garden  rhubarb ;  the  crys- 
tals may  often  be  deposited  artificially  (according  to  Waddington) 
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by  dropping*  a  fragment  of  oxalic  acid  into  several  ounces  of 
urine  and  setting  aside  for  several  hours. 

Carbonate  of  CaUium  is  rarely  found  in.  the  urine  of  man,  but 
frequently  in  that  of  the  horse  and  other  herbivorous  animals. 
Human  urine  containing  carbonate  of  calcium  often  reddens  litmus- 
paper  ;  and  it  is  only  after  the  removal,  on  standing,  of  the  excess 
of  carbonic  acid  that  the  salt  is  deposited.  It  consists  of  minute 
spherules,  varying  in  size,  the  smaller  ones  often  in  process  of 
coalescence.  The  dumbbell-form  thus  produced  is  easily  distin- 
guished from  similar  groups  of  uric  acid  or  oxalate  of  calcium  by 
showing  a  black  cross  in  each  spherule  when  viewed  by  polarized 
light.  Acetic  acid  dissolves  carbonate  of  calcium,  liberating  car- 
bonic acid  gas,  with  visible  effervescence  (under  the  microscope) 
if  the  slide  has  been  previously  warmed  and  a  group  of  crystals 
be  attacked. 

Hippuric  Acid. — The  pointed  rhombic  prisms  and  acicular 
crystals  are  characteristic,  and  easily  recognized.  The  broader 
crystals  may  possibly  be  mistaken  for  triple  phosphate,  and  the 
narrower  for  certain  forms  of  uric  acid ;  but  insolubility  in  acetic 
acid  distinguishes  them  from  the  former,  and  solubility  in  alcohol 
from  the  latter.  These  tests  may  be  applied  while  the  deposit  is 
under  microscopic  observation.  An  alcoholic  solution  of  hippuric 
acid  evaporated  to  dryness,  and  the  residue  treated  with  water, 
gives  a  solution  from  which  characteristic  crystalline  forms  of 
hippuric  acid  may  be  obtained  on  allowing  a  drop  to  dry  up  on  a 
slip  of  glass. 

Plate  II.  The  organized  deposits  in  urine  entail  greater 
care  in  their  determination,  and  usually  require  a  higher 
magnifying-power  for  their  proper  examination,  than  those 
of  crystalline  form.    The  figures  on  the  second  of  the  ac- 
companying Plates  are  drawn  to  230  diameters.    The  fol- 
lowing notes  will  assist  the  observer. 
Casts  of  uriniferous  tuhuli  are  fibrinous  masses  of  various  forms, 
and  often  of  considerable  length — sometimes  delicate  and  trans- 
parent, occasionally  granular,  and  often  beset  with  fat-globules. 
Epithelial  debris  are  frequently  present  in  urine  in  the  form  of 
nucleated  cells,  regular  and  oval  when  full,  but  angular  and  un- 
symmetrical  when  partially  emptied  of  their  contents — sometimes 
perfect,  but  more  frequently  a  good  deal  broken  up. 

Blood  is  easily  recognized.  Urine  containing  it  is  high-coloured, 
and  the  corpuscles  appear  under  the  microscope  as  reddish  cir- 
cular disks,  either  single  or  laid  together  in  strings  resembling 
piles  of  coin.    Their  colour  and  somewhat  smaller  size  serve  to 
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distiDguish  them  from  pus-corpuscles.  In  doubtful  cases  a  minute 
drop  of  blood  taken  from  a  finger  by  help  of  a  needle  should  be 
diluted  with  water  and  used  for  comparison.  After  urine  con- 
taining blood  has  stood  for  some  time,  the  corpuscles  lose  their  re- 
gular rounded  outline  and  become  angular.    (See  a  in  the  figure.) 

Dr.  Day,  of  Geelong,  tests  for  blood  in  urine  or  in  stains  on 
clothing  by  adding  a  few  drops  of  recently  prepared  alcoholic 
solution  of  the  inner  unoxidized  portions  of  guaiacum  resin,  and 
then  a  small  quantity  of  Eobbins's  aqueous  or  ethereal  solution 
of  peroxide  of  hydrogen,  when  a  blue  colour  results.  If  the 
stain  is  on  a  dark-coloured  fabric,  the  moistened  parts  may  be 
pressed  with  white  blotting-paper,  when  blue  impressions  will  be 
obtained.  Contact  with  many  substances  causes  the  blue  reaction 
or  oxidation  of  guaiacum ;  the  peculiarity  of  blood  is  that  it  does 
not  produce  this  effect  unless  peroxide  of  hydrogen  or  a  similar 
antozonic  liquid  is  present.  Bodies  such  as  permanganate  of 
potassium,  whose  oxygen  is  apparently  in  the  form  of  ozone,  also 
cause  the  production  of  a  blue  colour  with  guaiacum ;  peroxide  of 
hydrogen  and  other  compounds  whose  oxygen  is  in  the  opposite, 
positive,  or,  according  to  Schonbein,  antozonic  condition,  produce 
no  such  effect.  It  would  seem  as  if  blood  or  some  constituent  of 
blood  has  the  power  of  converting  positive  into  negative  oxygen, 
and  thus  brings  about  an  effect  which  negative  oxygen  alone  is 
able  to  produce ;  for  of  all  substances  which,  like  blood,  do  not 
alone  cause  guaiacum  to  become  blue,  blood  is  the  only  one  that 
so  affects  aatozonides  (themselves  inactive)  as  to  enable  them  to 
act  as  ozonides,  that  is  to  oxidize  the  guaiacum.  Both  the  venous 
and  arterial  fluid  from  any  red-blooded  animal  will  produce  this 
blue  reaction.  Pruit-stains  are  darkened  by  ammonia,  which 
does  not  alter  the  colour  of  blood.  Iron-stains  or  iron-moulds 
yield  no  colour  to  water,  whereas  the  red  colouring-matter  of 
blood  is  soluble  in  water.  The  peroxide  of  hydrogen  should  be 
free  from  more  than  a  trace  of  acid. 

The  blood- corpuscles  of  ordinary  animals  are  much  smaller 
than  those  of  man  ;  but  a  y^g--  or  J^-inch  lens  is  necessary  for 
proper  differentiation  (J.  G.  Eichardson). 

Pus  and  2£ucus. — Purulent  urine  deposits,  on  standing,  a  light- 
coloured  layer,  easily  diffused  through  the  liquid  by  shaking. 
Acetic  acid  does  not  dissolve  the  sediment ;  and  solution  of  potash 
of  oflScial  strength  converts  it  into  a  gelatinous  mass.  Under 
the  microscope,  pus-corpuscles  appear  rounded  and  colourless, 
rather  larger  than  blood-disks,  and  somewhat  granular  on  the 
surface.    They  generally  show  minute  nuclei,  which  are  more 
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distinctly  seen  after  treatment  with  acetic  acid.  (See  the  portion 
of  the  figure  marked  a.)  Mucus  possesses  no  definite  microscopic 
characters,  but  commonly  has  imbedded  in  it  pus,  epithelium,  and 
air-bubbles.  Mucus  is  coagulated  in  a  peculiar  and  characteristic 
manner  by  acetic  acid ;  and  this  reaction,  together  with  the  ropy 
appearance  it  imparts  to  urine,  prevents  its  being  confounded 
with  pus. 

Day's  test  for  pus  consists  in  adding  a  drop  or  two  of  oxidized 
tincture  of  guaiacum  to  the  urine  or  other  liquid,  when  a  clear 
blue  colour  is  produced.  It  is  necessary  to  moisten  dry  pus  with 
water  before  applying  the  test.  The  test-liquid  is  made  by 
exposing  a  saturated  alcoholic  solution  of  guaiacum  to  the  air  until 
it  has  absorbed  a  sufficient  quantity  of  oxygen  to  give  it  the  pro- 
perty of  turning  green  when  placed  in  contact  with  iodide  of 
potassium.  Day's  test  for  mucus  consists  in  the  application,  first, 
of  oxidized  tincture  of  guaiacum,  which  by  itself  undergoes  no 
change  in  the  presence  of  mucus,  and  then  in  the  addition  of 
carbolic  acid  or  creasote,  which  quickly  changes  the  colour  of  the 
guaiacum  to  a  bright  blue.  Neither  carbolic  acid  nor  creasote 
alone  will  render  guaiacum  blue.  In  testing  for  mucus  on  cloths, 
or  when  it  is  mixed  with  blood,  it  is  necessary  to  use  the  carbolic 
acid  pure  ;  but  when  the  mucus  is  in  a  liquid  state,  it  is  better  to 
use  carbolic  acid  diluted  with  alcohol. 

Saliva, — This  secretion  is  an  aqueous  fluid  containing  less  than 
1  per  cent,  of  solid  matter,  of  which  one  third  is  an  albumenoid 
substance  termed  ptyalin  (from  irTvaXov,  spittle),  a  body  that  has 
the  power  of  converting  starch  into  dextrin  and  grape-sugar : 
alkaline  salts,  including  a  trace  of  sulphocyanide  of  potassium 
and  calcareous  compounds,  are  also  present. 

Day's  test  for  saliva  in  urine,  etc.  is  similar  to  that  for 
mucus,  with  the  exception  that  the  blue  reaction  produced  by  the 
oxidized  tincture  of  guaiacum  and  alcoholic  solution  of  carbolic 
acid  is  highly  intensified  by  the  addition  of  Eobbins's  ethereal  or 
aqueous  solution  of  peroxide  of  hydrogen. 

Fatty  matter  occurs  either  as  minute  globules  partially  diffused 
through  the  urine  (as  shown  at  a)  or  in  more  intimate  emulsion 
(as  at  h  in  the  figure).  "When  present  in  larger  quantity,  it  col- 
lects as  a  sort  of  skim  on  the  surface  after  standing. 

Spermatozoa  are  liable  to  escape  notice,  on  account  of  their 
small  size  and  extreme  transparency.  Suspected  urine  should  be 
allowed  to  settle  some  hours  in  a  conical  test-glass,  and  the  drop 
at  the  bottom  examined  under  a  high  power.  The  drawing  shows 
their  tadpole-like  appearance. 
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Sarcina  ventriculi  is  an  alga  of  very  rare  occurrence  in  urine, 
though  not  unfrequent  in  the  matters  vomited  during  certain 
diseases  of  the  stomach.  The  upper  figures  (a)  are  copied  from 
Dr.  Thudichum's  drawing  (from  urine) ;  the  larger  fronds  (h)  are 
from  vomited  matter. 

Extraneous  bodies,  such  as  hair,  wool,  or  fragments  of  feathers, 
are  often  found  in  urinary  deposits ;  and  ludicrous  mistakes  have 
been  made  by  observers  not  on  their  guard  in  respect  to  such 
casual  admixtures. 

Examination  of  Ueinaey  Calculi. 

The  term  calculus  is  the  diminutive  of  calx,  a  lime-  or  chalk- 
stone. 

Knowledge  of  the  composition  of  a  calculus  or  urinary  deposit 
affords  valuable  diagnostic  aid  to  the  physician ;  hence  the  im- 
portance of  a  correct  analysis  of  these  substances. 

Nature  of  Calculi. — Urinary  calculi  have  the  same  composition 
as  unorganized  urinary  sediments.  They  consist,  in  short,  of 
sediments  that  have  been  deposited  slowly  within  the  bladder, 
particle  on  particle,  layer  on  layer,  the  several  substances  be- 
coming so  compact  as  to  be  less  easily  acted  on  by  reagents  than 
when  deposited  after  the  urine  has  been  passed — the  urates  less 
readily  soluble  in  warm  water,  the  calcic  phosphate  insoluble  in 
acetic  acid  until  it  has  been  dissolved  in  hydrochloric  acid  and 
reprecipitated  by  an  alkali. 

Preliminary  treatment. — If  the  calculus  is  whole,  saw  it  in  two 
through  the  centre,  and  notice  whether  it  is  built  up  of  distinct 
layers  or  apparently  consists  of  one  substance.  If  the  latter,  use 
about  a  grain  of  the  sawdust  for  analysis ;  if  the  former,  care- 
fully scrape  off  portions  of  each  layer,  and  examine  them  sepa- 
rately. If  the  calculus  is  in  fragments,  select  fair  specimens  of 
about  half  a  grain  or  a  grain  each,  and  reduce  to  a  fine  powder 
by  placing  on  a  hard  surface  and  crushing  under  the  blade  of  a 
knife. 

Analysis. — Commence  the  analysis  by  heating  a  portion,  about 
the  size  of  a  pin's  head,  on  platinum  foil  in  order  to  ascertain 
whether  organic  matter,  inorganic  matter,  or  both,  are  present. 
If  both,  the  ash  is  examined  for  inorganic  substances,  and  a  fresh 
portion  of  the  calculus  for  uric  acid  by  the  murexid  test.  (In 
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the  absence  of  uric  acid  any  slight  charring  may  be  considered  to 
be  due  to  indefinite  animal  matter.)  If  composed  of  organic 
matter  only,  the  calculus  will  in  nearly  all  cases  be  uric  acid,  the 
indication  being  confirmed  by  applying  the  murexid  test  in  a 
watch-glass  to  another  fragment,  half  the  size  of  a  small  pin's 
head.  If  inorganic  only,  the  ash  on  the  platinum  foil  may  be 
examined  for  phosphates,  and  a  separate  portion  of  the  calculus 
for  oxalates.  Even  a  single  drop  of  liquid  obtained  in  any  of 
these  experiments  may  be  filtered  by  placing  it  on  a  filter  not 
larger  than  a  sixpence  and  previously  moistened  with  water,  and 
adding  three  or  four  drops  of  water  one  after  the  other  as  each 
passes  through  the  paper.  If  the  calculus  is  suspected  to  contain 
more  than  one  substance,  boil  about  half  a  grain  of  the  powder  in 
half  a  test-tubeful  of  distilled  water  for  a  few  minutes  and  pour  it 
on  a  small  filter ;  then  proceed  according  to  the  following  Table : — 


Insoluble. 

Phosphates,  oxalate  of  calcium,  and  free 
uric  acid. 

Eoil  with  two  or  three  drops  of  hydro- 
chloric acid  and  filter. 

Soluble. 
Urates. 
These  will  pro- 
bably be  redepo- 
sited  as  the  solu- 
tion cools.  Small 
quantities  may  be 
detected  by  eva- 
porating the  solu- 
tion to  dryness. 
They  are  tested 
for  ammonium, so- 
dium, calcium  ,  and 
the  uric  radical  by 
the  appropriate 
reagents. 

Insoluble. 
Uric  acid. 
Apply  the 

murexid 
test 

(p.  403). 

Soluble. 
Phosphates  and  oxalate  of 

calcium. 
Add  excess  of  ammonia,  and 
then  excess  of  acetic  acid  ; 
filter. 

Insoluble. 
Oxalate  of 
calcium. 

Soluble. 
Phosj^hates. 
They  may  be  re- 
pptd.  by  ammonia. 

Varieties  of  calculi. -~CQlcnli  composed  entirely  of  uric  acid  are 
common ;  a  minute  portion  heated  on  platinum  foil  chars,  burns 
and  leaves  scarcely  a  trace  of  ash.    The  phosphates  frequently 
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occur  together,  forming  what  is  known  as  the  fusible  calculus^ 
from  the  readiness  with  which^a  fragment  aggregates,  and  even 
fuses  to  a  bead,  when  heated  on  a  loop  of  platinum  wire  in  the 
blowpipe-flame.  The  phosphates  may,  if  necessary,  be  further 
examined  by  the  method  described  in  connexion  with  urinary 
deposits.  Oxalate  of  calcium  often  occurs  alone,  forming  a  dark- 
coloured  calculus  having  a  very  rough  surface,  hence  termed  the 
mulberry  calculus.  Smaller  calculi  of  the  same  substance  are 
called,  from  their  appearance,  hempseed  calculi.  Calculi  of  cystin 
are  rarely  met  with.  Xanthin  (from  lavdos^  xanthos.,  yellow,  in 
allusion  to  the  colour  it  yields  with  nitric  acid)  still  less  often 
occurs  as  a  calculus.  The  earthy  concretions  or  chalJc -stones 
which  frequently  form  in  the  joints  of  gouty  persons  are  com- 
posed chiefly  of  urates,  the  sodium  salt  being  that  most  commonly 
met  with.  Gall-stones  or  biliary  calculi  occasionally  form  in 
the  gall-bladder ;  they  contain  cliolesterin  (from  x^-^'/r  cliole^  bile, 
and  crrepeos^  stereos,  solid),  a  fatty  substance  of  alcoholoid  consti- 
tution, soluble  in  rectified  spirit  or  ether,  and  crystallizing  from 
such  solutions  in  well-defined,  square,  scaly  crystals.  Phosphatic 
and  other  calculi  of  many  pounds  weight  are  occasionally  found 
in  the  stomach  and  larger  intestines  of  animals. 


QUESTIOIN'S  AISTD  EXERCISES. 

891.  In  breathing,  how  much  carbon  (in  the  form  of  carbonic 
acid  gas)  is  exhaled  from  the  lungs  every  24  hours  ? 

892.  How  may  the  presence  of  carbonic  acid  gas  in  expired 
air  be  demonstrated  ? 

893.  Mention  an  experiment  showing  the  escape  of  moisture 
from  the  lungs  during  breathing. 

894.  State  the  method  of  testing  for  albumen  in  urine. 

895.  Give  the  tests  for  sugar  in  urine. 

896.  What  is  the  average  composition  of  healthy  urine? 

897.  Give  the  tests  for  urea. 

898.  Write  the  rational  formulae  of  some  compound  ureas  in 
which  methyl  or  ethyl  displace  hydrogen. 

899.  Describe  an  artificial  process  for  the  production  of  urea, 
giving  equations. 

900.  Sketch  out  a  plan  for  the  chemical  examination  of 
urinary  sediments. 

901.  A  deposit  is  insoluble  in  the  supernatant  urine  or  in 
acetic  acid  ;  of  what  substances  may  it  consist  ? 
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902.  Which  compounds  are  indicated  when  a  deposit  redis- 
solves  on  warming  it  with  the  supernatant  urine  ? 

903.  I^ame  the  salts  insoluble  in  warmed  urine  but  dissolved 
on  the  addition  of  acetic  acid. 

904.  Mention  the  chemical  characters  of  cystin.  At  what 
stage  of  analysis  would  it  be  recognized  ? 

905.  Describe  the  microscopical  appearance  of  the  following 
urinary  deposits : — 


906.  How  are  Day's  tests  for  blood,  pus,  and  saliva  applied  ? 

907.  What  is  the  general,  physical,  and  chemical  nature  of 
urinary  calculi  ? 

908.  How  are  urinary  calculi  prepared  for  chemical  exami- 
nation ? 

909.  Draw  out  a  chart  for  the  chemical  examination  of  urinary 
calculi. 

910.  "Why  is  the  "  fusible  calculus  "  so  called?  and  what  is  its 
composition  ? 

911.  State  the  characters  of  "  mulberry  "  and  "  hempseed  " 
calculi. 

912.  What  are  the  "  chalk-stones  "  of  gout  and  gall-stones  " 
or  "  biliary  calculi  "  ? 


Uric  Acid. 
Cystin. 

Triple  phosphate. 
Earthy  phosphates. 
Urates. 

Oxalate  of  Calcium. 
Carbonate  of  Calcium. 
Hippuric  Acid. 


Tube-casts. 

Epithelial  debris. 

Blood. 

Pus. 

Mucus. 

Eat. 


Spermatozoa. 
Sarcina. 


Extraneous  Bodies. 
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The  preparation  of  Confections,  Decoctions,  Enemas,  Extracts, 
Glycerines,  Infusions,  Inhalations,  Juices,  Liniments,  Lozenges, 
Mixtures,  Ointments,  Pills,  Plasters,  Poultices,  Powders,  Spirits, 
Suppositories,  Syrups,  Tinctures,  and  Wines,  includes  a  number 
of  mechanical  rather  than  chemical  operations,  and  belongs 
to  the  domain  of  pure  Pharmacy.  The  medical  or  pharmaceutical 
pupil  will  have  had  ample  opportunity  of  practically  studying 
these  compounds  before  working  at  experimental  chemistry,  and 
will  probably  have  prepared  many  of  them  according  to  the  direc- 
tions of  the  Pharmacopoeia ;  if  not,  he  is  referred  to  the  pages  of 
the  last  edition  of  that  work  for  details. 

Among  the  extracts,  however,  there  are  five  (namely,  those 
of  Aconite,  Belladonna,  Hemlock,  Henbane,  and  Lettuce)  which 
are  not  simply  evaporated  infusions,  decoctions,  or  tinctures,  like 
most  others,  but  are  evaporated  juices  from  which  vegetable 
albumen,  the  supposed  source  of  fermentation  and  decay,  has 
been  removed,  and  chlorophyl  (the  green  colouring-matter  of 
plant-juice)  retained  practically  unimpaired  in  tint.  Por  educa- 
tional practice  either  of  the  above-named  five  raw  materials  may 
be  employed ;  but  in  order  that  attention  may  be  concentrated  on 
the  process  by  which  the  extracts  are  prepared,  rather  than  on 
any  one  of  the  extracts  themselves,  it  sufiices  to  make  an  extract 
of  some  ordinary  green  vegetable,  such  as  cabbage  or  turnip-tops. 
Bruise  the  green  leaves  of  a  good-sized  cabbage  in  a  mortar,  and 
press  out  the  juice ;  heat  it  gradually  to  130°  P.,  and  remove  the 
green  flocks  of  chlorophyl  which  separate,  by  filtration  through 
calico.   When  the  liquor  has  all  passed  through  the  filter,  set  the 
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chloropliyl  aside  for  a  time,  heat  the  strained  liquor  to  200°  E.  to 
coagulate  albumen ;  remove  the  latter  by  filtration  and  throw  it 
away  ;  evaporate  the  filtrate  by  a  water-bath  to  the  consistence 
of  thin  syrup ;  then  add  to  it  the  chlorophyl,  and,  stirring  the 
whole  together  assiduously,  continue  the  evaporation  at  a  tempe- 
rature not  exceeding  140°  F.,  until  the  extract  is  of  a  suitable 
consistence  for  forming  pills.  A  higher  temperature  than  that 
indicated  would  cause  the  alteration  of  the  chlorophyl  to  a  dark 
brown  substance,  any  such  extract  used  in  pharmacy  no  longer 
having  the  green  tint  which  custom  and  the  British  Pharma- 
copoeia demand. 


913.  Enumerate  the  different  classes  into  which  official  galeni- 
cal preparations  may  be  divided. 

914.  Describe  the  general  process  for  the  preparation  of  green 
extracts  ; — 


915.  Why  is  vegetable  albumen  excluded  in  the  preparation 
of  green  extracts  ? 

916.  How  may  chlorophyl  be  removed  from  vegetable  juices, 
and  again  be  introduced  into  their  evaporated  residues,  without 
destroying  its  colour  ? 

917.  Eor  what  reason  is  exposure  of  chlorophyl  to  a  boiling 
temperature  avoided  in  the  manufacture  of  green  extracts  ? 


QUESTIOI^S  Al^D  EXEECISES. 


Aconite. 
Belladonna. 


Hemlock. 
Henbane. 


Lettuce. 
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The  process  by  whicli  every  official  chemical  substance  is 
prepared  has  already  been  described,  and  the  strict  chemical 
character  of  the  processes  illustrated  by  experiments  and  ex- 
plained by  aid  of  equations.  Should  the  reader,  in  addition, 
desire  an  intimate  acquaintance  with  those  details  of  mani- 
pulation on  which  the  successful  and  economic  manufacture  of 
chemical  substances  depends,  he  is  advised  to  prepare,  if  he 
has  not  done  so  already,  a  few  ounces  of  each  of  the  salts 
mentioned  in  the  British  Pharmacopoeia  or  commonly  used  in 
Pharmacy.  An  additional  guide  in  these  operations  will  be  the 
Pharmacopoeia  itself. 

The  production  of  many  chemical  and  galenical  substances  on 
a  commercial  scale  can  only  be  successfully  carried  on  in  manu- 
facturing laboratories,  and  with  some  knowledge  of  the  circum- 
stances of  supply  and  demand,  value  of  raw  material,  and  of 
by-products,  etc. ;  for  the  technical  preparation  of  such  substances 
requires  much  knowledge  beyoud  even  a  thorough  acquaintance 
with  chemistry.  Still,  in  the  present  day,  commercial  Chemistry 
and  Pharmacy  can  best  hope  for  success  when  founded  on  the 
working  out  of  abstract  scientific  principles.  The  problem  of 
manufacturing  success  is  now  only  solved  with  certainty  by  sound 
and  wisely- applied  science. 


Memorandum. — The  next  subjects  of  experimental  study  will 
be  determined  by  the  nature  of  the  student's  future  pursuits. 
In  most  cases  the  operations  of  quantitative  analysis  will  engage 
attention.  These  should  be  of  a  volumetric  and  gravimetric 
character ;  for  details  concerning  them  see  the  following  pages. 
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INTEODUCTOEY  EEMAEKS. 

General  principles. — The  proportions  in  which  chemical  sub- 
stances unite  with  each  other  in  forniing  compounds  are  definite 
and  invariable  (p.  41).  Quantitative  analysis  is  based  on  this 
law.  When,  for  example,  aqueous  solutions  of  a  salt  of  silver 
and  a  chloride  are  mixed,  a  white  curdy  precipitate  is  produced 
containing  chlorine  and  silver  in  atomic  proportions — that  is, 
35*5  parts  of  chlorine  to  108  of  silver.  JN'o  matter  what  the 
chloride  or  what  the  salt  of  silver,  the  resulting  chloride  of  silver 
is  invariable  in  composition.  The  formula  AgCl  is  a  convenient 
picture  of  this  compound  in  these  proportions.  The  weight 
of  a  definite  compound  being  given,  therefore,  the  proportional 
amounts  of  its  constituents  can  be  ascertained  by  simple  calcu- 
lation. Suppose,  for  instance,  8*53  parts  of  chloride  of  silver 
have  been  obtained  in  some  analytical  operation  :  this  amount 
will  contain  2*11  parts  of  chlorine  and  6-42  of  silver.  For  if 
143-5  (the  molecular  weight)  of  chloride  of  silver  contain  35-5 
(the  atomic  weight)  of  chlorine,  8*53  of  chloride  of  silver  will  be 
found  to  contain  2*11  of  chlorine  : — 

143-5    :    35-5    :  :    8-53  :  x 
8-53 


1-065 
17-75 
284-0 


M3-5)302-815(2-ll 
287-0 

15-81 
14-35 


1-465 

1-435  ^=2-11 

And  if  143-5  of  chloride  of  silver  contain  108  of  silver,  8*53  of 
chloride  of  silver  will  contain  6*42  of  silver.    To  ascertain,  for 
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example,  the  amount  of  silver  in  a  substance,  containing',  say, 
nitrate  of  silver,  all  that  is  necessary  is  to  take  a  weighed 
quantity  of  the  substance,  dissolve  it,  precipitate  the  whole  of 
the  silver  by  adding  hydrochloric  acid  or  other  chloride  till  no 
more  chloride  of  silver  falls,  collect  the  precipitate  on  a  filter, 
wash,  dry,  and  weigh.  The  amount  of  silver  in  the  dried  chlo- 
ride, ascertained  by  calculation,  is  the  amount  of  silver  in  the 
quantity  of  substance  on  which  the  operation  was  conducted ; 
a  rule-of-three  sum  gives  the  quantity  per  cent. — the  form  in 
which  the  results  of  quantitative  analysis  are  uisually  stated. 
Occasionally  a  constituent  of  a  substance  admits  of  being  isolated 
and  weighed  in  the  uncombined  state.  Thus  the  amount  of 
mercury  in  a  substance  may  be  determined  by  separating  and 
weighing  the  mercury  in  the  metallic  condition ;  if  occurring 
as  calomel  (HgCl)  or  corrosive  sublimate  (HgCl^),  the  proportion 
of  chlorine  may  then  be  ascertained  by  calculation  (IIg=200  ; 
Cl=35-5). 

Nature  of  Gravimetric  Quantitative  Analysis. — As  above  stated, 
a  body  may  be  isolated  and  weighed  and  its  quantity  thus  ascer- 
tained ;  or  it  may  be  separated  and  weighed  in  comljination  with 
another  body  whose  combining  proportion  is  well  known  ;  this 
is  quantitative  analysis  by  the  gravimetric  method. 

Nature  of  Volumetric  Quantitative  Analysis. — Quantitative  ana- 
lysis by  the  volumetric  method  consists  in  noting  the  volume 
of  a  liquid  required  to  be  added  to  the  substance  under  exami- 
nation before  a  given  effect  is  produced.  Thus,  for  instance,  a 
solution  of  nitrate  of  silver  of  known  strength  may  be  used  in 
experimentally  ascertaining  an  unknown  amount  of  a  chloride 
in  any  substance.  The  silver  solution  is  added  to  a  solution 
of  a  definite  quantity  of  the  substance  until  flocks  of  chloride 
of  silver  cease  to  be  precipitated  :  every  108  parts  of  silver 
added  (or  170  of  nitrate  of  silver:  Ag=108,  1^=14,  03=48; 
total  170)  indicates  the  presence  of  35-5  of  chlorine,  or  an  equi- 
valent quantity  of  any  chloride.  The  preparation  of  standard 
solutions,  such  as  that  of  the  nitrate  of  silver,  to  which  allusion 
is  here  made,  requires  considerable  care ;  but  when  made,  certain 
analyses  can  be  executed  with  far  more  rapidity  and  ease  than 
by  gravimetric  processes. 

Note. — The  quantitative  analysis  of  solids  and  liquids  often 
involves  determinations  of  temperature  and  specific  gravity. 
These  processes  will  now  be  explained,  after  which  an  outline  of 
volumetric  and  gravimetric  quantitative  analysis  will  be  given. 
The  scope  of  this  work  precludes  any  attempt  to  describe  all 
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the  little  mechanical  details  observed  by  quantitative  analysts  ; 
essential  operations,  however,  are  so  fully  treated  that  expert 
manipulators  will  meet  with  little  difficulty. 


MEASUREMENT  OF  ATMOSPHEKIG  PRESSUEE. 

The  Barometer. — The  analysis  of  gases  and  vapours  involves, 
also,  determinations  of  the  varying  pressure  of  the  atmosphere  as 
indicated  by  the  barometer  (from  jjapos,  haroSy  weight,  and  fierpor^ 
metron,  measure). 

21ie  ordinary  mercurial  barometer  is  a  glass  tube  33  or  34 
inches  long,  closed  at  one  end,  filled  with  mercury,  and  inverted 

in  a  small  cistern  or  cup  of  mercury 
Pig.  62.  (fig.  62).  The  mercury  remains  in  Pig.  63. 
the  tube  owing  to  the  weight  or  pros- 
sure  of  the  atmosphere  on  the  exposed 
surface  of  the  liquid,  the  average 
height  of  the  column  being  nearly  30 
inches.  In  the  popular  form  of  the 
instrument,  the  wheel-barometer,  the 
cistern  is  formed  by  a  recurvature  of 
the  tube  (fig.  63)  ;  on  the  exposed 
surface  of  the  mercury  a  fioat  is 
placed,  from  which  a  thread  passes 
over  a  pulley  and  moves  an  index 
whenever  the  column  of  mercury  rises 
or  falls.  As  supplied  to  the  public, 
these  barometers  are  usually  enclosed 
in  ornamental  frames  with  thermo- 
meters attached.  In  the  wheel-baro- 
meter the  gia^s  tube  and  contained 
column  of  mercury  are  altogether  en- 
'-  closed,  the  index  alone  being  visible. 
J  In  the  other  variety  the  upper  end  of 
the  glass  tube  and  mercurial  column 
are  exposed,  and  the  height  of  the  ^-v' 
Barometer,  mercury  is  ascertained  by  direct  ob-  Barometer, 
servation. 

TJie  aneroid  barometer  (from  a,  a,  without,  and  yrjpos,  neros, 
fluid)  consists  of  a  small  shallow  vacuous  metal  drum,  the  sides 
of  which  approach  each  other  when  an  increase  of  atmospheric 
pressure  occurs,  their  elasticity  enabling  them  to  recede  towards 


574 


QUANTITATIVE  ANALYSIS. 


their  former  position  on  a  decrease  of  pressure.  This  motion  is 
so  multiplied  and  altered  in  direction  bj  levers,  etc.  as  to  act  on 
a  hand  traversing  a  plate  on  which  is  marked  numbers  corre- 
sponding with  those  showing  the  height  of  the  mercurial  column 
of  the  ordinary  barometer  by  which  the  aneroid  was  adjusted. 
The  Bourdon  barometer  (from  the  name  of  the  inventor)  is  a 
modified  aneroid,  containing  in  the  place  of  the  round  metal  box 
a  flattened  vacuous  tube  of  metal  bent  nearly  to  a  circle.  These 
barometers  are  also  useful  for  measuring  the  pressure  in  steam- 
boilers,  etc.  Under  the  name  of  pressure- gauges  they  are  sold 
to  indicate  pressures  of  500  pounds  per  square  inch  and  upwards. 
Prom  their  portability  (they  can  be  made  of  1  to  2  inches  in 
diameter  and  1  inch  thick)  they  are  excellent  companions  for 
travellers  wishing  to  know  the  height  of  hills,  mountains,  and 
other  elevations. 

Por  further  information  concerning  the  influence  of  pressure 
on  the  volume  of  a  gas  or  vapour  see  page  598 ;  and  for  de- 
scriptions of  the  methods  of  analyzing  gases,  refer  to  Ganot's 
'  Physics '  (translated  by  Atkinson),  Miller's  Chemical  Physics,' 
and  "  Analysis  of  Gases in  Watts's  '  Dictionary  of  Chemistry.' 


MEASUEEMENT  OF  TEMPEEATUEE. 

General  Principles. — As  a  rule,  all  bodies  expand  on  the  addi- 
tion, and  contract  on  the  abstraction  of  heat,  the  alteration  in 
volume  being  constant  and  regular  for  equal  increments  or  decre- 
ments of  temperature.  The  extent  of  this  alteration  in  a  given 
substance,  expressed  in  parts  or  degrees,  constitutes  the  usual 
method  of  intelligibly  stating  with  accuracy,  precision,  and 
minuteness,  a  particular  condition  of  warmth  or  temperature — 
that  is,  of  sensible  heat.  The  substance  commonly  employed  for 
this  purpose  is  mercury,  the  chief  advantages  of  whicJi  are  that 
it  will  bear  a  high  temperature  without  boiling,  a  low  tempe- 
rature without  freezing,  does  not  adhere  to  glass  to  a  sufficient 
extent  to  wet "  the  sides  of  any  tube  in  which  it  may  be 
enclosed,  and,  from  its  good  conducting-power  for  heat,  responds 
rapidly  to  changes  of  temperature.  Platinum,  earthenware,  alco- 
hol, and  air  are  also  occasionally  used  for  thermometric  purposes. 

TJie  Thermometer, — The  construction  of  an  accurate  thermo- 
meter is  a  matter  of  great  difficulty ;  but  the  following  are  the 
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leading  steps  in  the  operation.  Select  a  piece  of  glass  tubing 
having  a  fine  capillary  {cajpillus,  a  hair)  bore^  and  about  a  foot 
long ;  heat  one  extremity  in  the  blowpipe-fiame  until  the  orifice 
closes,  and  the  glass  is  sufficiently  soft  to  admit  of  a  bulb  being 
blown ;  heat  the  bulb  to  expel  air,  immediately  plunging  the 
open  extremity  of  the  tube  into  mercury  ;  the  bulb  haying  cooled^ 
and  some  mercury  having  entered  and  taken  the  place  of  ex- 
pelled air,  again  heat  the  bulb  and  tube  until  the  mercury  boils 
and  its  vapour  escapes  through  the  bore  of  the  tube ;  again 
plunge  the  extremity  under  mercury,  which  will  probably  now 
completely  fill  the  bulb  and  tube.  "When  cold  the  bulb  is  placed 
in  melting  ice.  The  top  of  the  column  of  mercury  in  the  capil- 
lary tube  should  then  be  within  an  inch  or  two  of  the  bulb  ;  if 
higher,  some  of  the  mercury  must  be  expelled  by  heat ;  if  lower, 
more  metal  must  be  introduced  as  before.  The  tube  is  now 
heated  near  the  open  end  and  a  portion  drawn  out,  until  the  dia- 
meter is  reduced  to  aboat  one  tenth.  The  bulb  is  next  warmed 
until  the  mercurial  column  rises  above  the  constricted  part  of  the 
tube,  which  is  then  rapidly  fused  in  the  blowpipe-flame,  and  the 
extremity  of  the  tube  removed. 

The  instrument  is  now  ready  for  graduation.  The  bidb  is 
placed  in  boiling  water  (a  medium  having,  cceteris  jxirihis,  an 
invariable  temperature),  and,  when  the  position  of  the  top  of  the 
mercurial  column  is  constant,  a  mark  is  made  on  the  tube  by  a 
scratching  diamond  or  a  file.  This  operation  is  repeated  with 
melting  ice  (also  a  medium  having  an  invariable  temperature). 
The  space  between  these  two  marks  is  divided  into  a  certain 
number  of  intervals  termed  degrees.  Unfortunately  this  number 
is  not  uniform  in  all  countries  :  in  England  it  is  180,  as  proposed 
by  Pahrenheit ;  in  Prance  100,  as  proposed  by  Celsius  (the  Cen- 
tigrade scale),  a  number  generally  adopted  by  scientific  men  :  in 
some  parts  of  the  Continent  the  divisions  are  80  for  the  same 
interval,  as  suggested  by  Eeaumur.    "Whichever  be  the  number 
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selected,  similar  markings  should  be  continued  beyond  the  boiling- 
and  freezing-points  as  far  as  the  length  of  the  stem  admits.  They 
may  be  made  on  the  stem  itself,  or  on  any  wood,  metal,  or  earthen- 
ware frame  on  which  the  stem  is  mounted. 


Pig  64. 

Thermometric  Scales. 


80' 


Fahrenheit.    Centigrade.  Heaumur. 

Thermometric  Scales  (fig.  64). — On  the  Centigrade  (C.)  and 
Eeaumur  (R.)  scales  the  freezing-point  of  water  is  made  zero,  and 
the  boiling-point  100  and  80  respectively  ;  on  the  Fahrenheit  (F.) 
scale  the  zero  is  placed  32  degrees  below  the  congealing-point  of 
water,  the  boiling-point  of  which  becomes,  consequently,  212. 
Even  on  the  Fahrenheit  system  temperatures  below  the  freezing- 
point  of  water  are  often  spoken  of  as  "  degrees  of  frost thus  19*^ 
as  marked  on  the  thermometer  would  be  regarded  as  "13  degrees 
of  frost."  It  is  to  be  regretted  that  the  freezing-point  of  water 
is  not  universally  regarded  as  the  zero-point,  and  the  number  of 
intervals  between  that  and  the  boiling-point  everywhere  the 
same. 

The  degrees  of  one  scale  are  easily  converted  into  those  of 
another  if  their  relations  be  remembered,  namely: — 180  (F.), 
100  (C),  80  (E.) ;  or  18,  10,  and  8 ;  or  best,  9,  5,  and  4. 
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Formulae  for  the  conversion  of  degrees  of  one  tJiermometric  scale 
into  those  of  another, 

F=Fahrenlieit.  C  =  Centigrade. 

E  =  Re'aiLm.ur.  D=The  observed  degree. 

If  above  the  freezing-point  of  water  (32°  E  ;  0°  C  ;  0°  E), 

PintoC    (D-32)-f-9x5. 

E   „  E    (D-32)-;-9x4. 

C   „  E    D~  5  X9  +  32. 

E  „  E    D-^  4  X9  +  32. 


If  below  freezing,  but  above  0°  E  (-17°-77  C ;  - 14'^-22  E), 

EintoC   _(32-D)4.9x5. 

E   „  E   _(^32-D)-^9x4. 

C   „   E    32-(D-^5x9). 

E       E    32-(D-f-4x9). 


If  below  0°  E  (-17°-77  C ;  -14°-22  E), 

Einto  C   _(D4-32)-f9  x5. 

E   „  E   _(D  +  32)-f-9  x4. 

C   „   E   5  x9)-32. 

E  „  E   -(D-^  4  x9)-32. 


Eor  all  degrees  : — 


CintoE    D-^5x4. 

E   „   C    D-r4xo. 


In  ascertaining  the  temperature  of  a  liquid,  the  bulb  of  a  ther- 
mometer is  simply  inserted  and  the  degree  noted.  In  determining 
the  boiling-point,  also,  the  bulb  is  inserted  in  the  liquid,  if  a  pure 
substance.  In  taking  the  boiling-point  of  a  liquid  which  is  being 
distilled  from  a  mixture,  the  bulb  of  the  thermometer  should  be 
near  to  but  not  beneath  the  surface. 

The  following  are  the  boiling -points  of  a  few  substances  met 
with  in  pharmacy  : — 
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Centigrade. 

Fahrenheit. 

78-3 

1  7"^ 

79-5 

T  75 

JL  t  «J 

ir                     Vi:              J:  / 

81-4 

178-5 

132-2 

270 

80-6 

177 

63 

145-4 

239-0 

462 

187-8 

370 

61 

142 

Ether  (B.  P.)  (below) 

40-5 

105 

35 

95 

Mercury  in  vacuo  (as  in  a  thermometer)  .  . 

304 

580 

J,      in  air  (barom.  at  30  inches)  .... 

350 

662 

100 

212 

„     (      „       29-38    „  )   

99-5 

211 

„     (      „      28-74    „  )   

99 

210 

Saturated  solutions  of: — 

101 

214 

106-6 

224 

1  _  Q  TY1  TYl  ATI  TOO 

113*3 

^tj\j 

119 

246 

124-4 

256 

179-4 

355 

To  determine  melting-points  of  fats, — Heat  a  fragment  of  the 
substance  (spermaceti  or  wax  for  exam^Dle)  till  it  liquefies,  and 
then  draw  up  a  small  portion  into  a  thin  glass  tube,  about  the 
size  of  a  knitting-needle.  Immerse  the  tube  in  cold  water  con- 
tained in  a  beaker,  and  slowly  heat  the  vessel  till  the  thin 
opaque  cylinder  of  solid  fat  melts  and  becomes  transparent;  a 
delicate  thermometer  placed  in  the  water  indicates  the  point  of 
change  to  the  fifth  of  a  degree.  Eemove  the  source  of  heat,  and 
note  the  congealing-point  of  the  substance ;  it  will,  in  nearly  all 
cases,  be  identical  with  or  close  to  the  melting-point. 

Pyrometers. — Temperatures  above  the  boiling-point  of  mer- 
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cury  are  determined  by  ascertaming  to  what  extent  a  bar  of 
platinum  or  porcelain  has  elongated.  The  bar  is  enclosed  in  a 
cavity  of  a  suitable  case,  a  plug  of  platinum  or  porcelain  placed 
at  one  end  of  the  bar,  and  the  whole  exposed  in  the  region  the 
temperature  of  which  is  to  be  found.  After  cooling,  the  distance 
to  which  the  bar  has  forced  the  plug  along  the  cavity  is  accu- 
rately measured  and  the  corresponding  degree  of  temperature 
noted.  The  value  of  the  distance  is  fixed  for  low  temperatures 
by  comparison  with  a  mercurial  thermometer,  and  the  scale 
carried  upwards  through  intervals  of  equivalent  length.  Such 
thermometers  are  conventionally  distinguished  from  ordinary 
instruments  by  the  name  pyrometer  (from  irvp,  pur,  fire,  and 
fierpov^  metron,  measure). 

The  folloiving  are  melting-points  of  substances  official  in  the 
British  Pharmacopoeia : — 


Ill  degrees 
Centigrade. 

In  degrees 
Fahrenheit. 

Acetic  acid,  glacial 

8-9 

48 

„              „  con| 

1-1 

34 

Benzoic  acid  

120 

248 

Carbolic  acid  

35 

95 

Oil  of  theobroma  

32 

90 

Phosphorus   

43-3 

110 

Prepared  lard   

38 

100 

„  suet   

39-5 

103 

38 

100 

White  wax   . 

65-5 

150 

Yellow  wax  .  .  .  „  

60 

140 

2c2 
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The  order  of  fusibility  of  a  few  of  the  metals  is  as  follows  : — 


Mercury 
Potassium 
Sodium  .  . 
Tin  .... 
Bismuth 
Lead  .... 
Zinc  .... 
Antimony 
Silver  .  . 
Copper  . . 
Gold  .... 
Cast  iron 


In  degrees 

In  degrees 

Centigrade. 

Fahrenheit. 

—  39-4 

—  39 

+  62-5 

+  144-5 

97-6 

207-7 

227-8 

442 

264 

507 

325 

617 

411-6 

773 

621 

1150 

1023 

1873 

1091 

1996 

1102 

2016 

1530 

2786 

QUESTIOJSrS  AND  EXERCISES. 

918.  On  what  fundamental  laws  are  the  operations  of  quan- 
titative analysis  based? 

919.  What  is  the  general  nature  of  gravimetric  quantitative 
analysis  ? 

920.  Describe  the  general  principle  of  volumetric  quantitative 
analysis. 

921.  How  are  variations  in  atmospheric  pressure  quantitatively 
determined  ? 

922.  Explain  the  construction  and  mode  of  action  of  a  mercu- 
rial barometer. 

923.  In  what  respect  does  a  wheel-barometer  differ  from  an 
instrument  in  which  the  readings  are  taken  from  the  top  of  the 
column  of  mercury  ? 

924.  Describe  the  principle  of  action  of  an  aneroid  barometer. 

925.  On  what  general  principles  are  thermometers  constructed? 

926.  What  material  is  employed  in  making  thermometers? 

927.  Why  is  mercury  selected  as  a  thermometric  indicator  ? 

928.  Describe  the  manufacture  of  a  mercurial  thermometer. 

929.  How  are  thermometers  graduated  ? 

930.  Give  formulae  for  the  conversion  of  the  degrees  of  one 
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thermometric  scale  into  those  of  another,  (a)  when  the  tempera- 
ture is  above  the  freezing-point  of  water,  (6)  below  32°  ¥.  but 
above  0°  F.,  and  (c)  below  0°  ¥. 

931.  Name  the  degree  C.  equivalent  to  60°  Y. 

932.  What  degree  C.  is  represented  by  -4°  E.  ? 

933.  Mention  the  degree  F.  indicated  by  20°  C. 

934.  Convert  100°  E.  into  degrees  C.  and  F. 

935.  State  the  boiling-points  of  alcohol,  chloroform,  ether, 
mercury,  and  water  on  either  thermometric  scale. 

936.  Describe  the  details  of  manipulation  in  estimating  the 
melting-points  of  fats. 

937.  In  what  respect  do  pyrometers  differ  from  thermometers? 

938.  Mention  the  melting-points  of  glacial  acetic  acid,  oil  of 
theobroma,  lard,  suet,  and  wax. 

939.  Give  the  fusing-points  of  tin,  lead,  zinc,  copper,  and 
cast  iron. 


ESTIMATION  OF  WEIGHT. 
Definitions. 

All  bodies,  celestial  and  terrestrial,  attract  each  other,  the 
amount  of  attraction  being  in  direct  proportion  to  the  quantity 
of  matter  of  which  they  consist,  and  in  inverse  proportion  to  the 
squares  of  their  distances.  This  is  gravitation.  When  gravita- 
tion in  certain  directions  is  exactly  counterbalanced  by  gravi- 
tation in  opposite  directions,  a  body  (e.  g,  the  earth)  remains 
suspended  in  space.  Such  a  body,  in  relation  to  other  bodies, 
has  gravity  but  not  weight.  Weight  is  the  effect  of  gravity, 
being  the  excess  of  gravitation  in  one  direction  over  and  above 
that  exerted  in  the  opposite  direction.  Weight,  truly,  in  any 
terrestrial  substance,  is  the  excess  of  attraction  which  it  and  the 
earth  have  for  each  other  ov^er  and  above  the  attraction  of  each 
in  opposite  directions  by  the  various  heavenly  bodies.  But,  prac- 
tically, the  weight  of  any  terrestrial  substance  is  the  effect  of  the 
attraction  of  the  earth  only.  Specific  weight  is  the  definite  or 
precise  weight  of  a  body  in  relation  to  its  bulk ;  it  is  more  usually 
but  not  quite  correctly  termed  specific  gravity — gravity  belonging 
to  the  earth,  not  to  the  substance. 
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QUESTIOI^S  A^B  EXEECISES. 

940.  What  is  understood  by  gravitation  ? 

941.  State  the  difference  between  weight  and  gravity. 

942.  Mention  a  case  in  which  a  body  has  gravity  but  no 
apparent  weight. 

943.  Practically,  what  causes  the  weight  of  terrestrial  sub- 
stances ? 


Weights  and  Measures. 

The  Balance. — The  balance  used  in  the  quantitative  operations 
of  analytical  chemistry  must  be  accurate  and  sensitive.  The 
points  of  suspension  of  the  beam  and  pan  should  be  polished  steel 
or  agate  knife-edges,  working  on  agate  planes.  It  should  turn 
easily  and  quickly,  without  too  much  oscillation,  to  ^-J^  or  ^-^-^ 
of  a  grain,  or  -^^  of  a  milligramme,  when  1000  grains,  or  50  or 
60  grammes,  are  placed  in  each  pan.  (Grammes  are  weights  of 
the  metric  system,  a  description  of  which  is  given  on  the  next 
two  or  three  pages.)  The  beam,  should  be  light  but  strong, 
capable  of  supporting  a  load  of  1500  grains  or  100  grammes  ; 
its  oscillations  are  observed  by  help  of  a  long  index  attached  to 
its  centre,  and  continued  downwards  for  some  distance  in  front  of 
the  supporting  pillar  of  the  balance.  The  instrument  should  be 
provided  with  screws  for  purposes  of  adjustment,  a  mechanical 
contrivance  for  supporting  the  beam  above  its  bearings  when  not 
in  use  or  during  the  removal  or  addition  of  weights,  spirit-levels 
to  enable  the  operator  to  give  it  a  horizontal  position,  and  be  en- 
closed in  a  glass  case  to  protect  it  from  dust.  It  should  be  placed 
in  a  room  the  atmosphere  of  which  is  not  liable  to  be  contaminated 
by  acid  fumes,  in  a  situation  free  from  vibration ;  and  a  vessel 
containing  lumps  of  quicklime  should  be  placed  in  the  case  to 
keep  the  enclosed  air  dry  and  prevent  the  formation  of  rust  on 
the  steel  knife-edges  or  other  parts.  During  weighing,  the  doors 
of  the  balance  should  be  shut,  in  order  that  currents  of  air  may 
not  unequally  influence  the  pans. 

The  Weights. — These  should  be  preserved  in  a  box  having  a 
separate  compartment  for  each.  They  must  not  be  lifted  directly 
with  the  fingers,  but  by  a  small  pair  of  forceps.  If  grain-weights, 
they  should  range  from  1000  gr.  to  -^^  gr.,  a  weight  being 
fashioned  of  gold  wire  to  act  as  a  "  rider on  the  divided  beam, 
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and  thus  indicate  by  its  position  lOOths  and  lOOOths  of  a  grain. 
Erom  -^jj  to  10  grs.  tlie  weights  may  be  of  platinum;  thence 
upwards  to  1000  grs.  of  brass.  The  relation  of  the  weights  to 
each  other  should  be  decimal.  Metric  decimal  weights  may  range 
from  100  grammes  to  1  gramme,  of  brass,  and  thence  downwards 
to  1  centigramme,  of  platinum,  a  gold  centigramme  rider  being 
employed  to  indicate  milligrammes  and  tenths  of  a  milligramme. 

The  Metric  System  of  weights  (the  word  metric  is  from  the 
Greek  [xerpov^  metron,  measure)  is  greatly  to  be  preferred  to  the 
British,  the  relation  of  the  metric  weights  of  all  denominations 
to  measures  of  length,  capacity,  and  surface  being  so  simple  as  to 
be  within  the  perfect  comprehension  of  a  child ;  while  under  the 
British  plan,  the  weights  have  no  such  relation,  either  with  each 
other  or  with  the  various  measures.  Moreover,  the  metric  system 
is  in  X3erfect  harmony  with  the  universal  method  of  counting ;  it 
is  a  decimal  system. 

[It  is  perhaps  impossible  to  realize,  much  more  express,  the 
advantages  we  enjoy  from  the  fact  that  in  every  country  of  the 
world  the  system  of  numeration  is  identical.  That  system  is  the 
decimal.  Whatever  language  a  man  speaks,  his  method  of  num- 
bering is  decimal ;  his  talk  concerning  number  is  decimal ;  his 
written  or  printed  signs  signifying  number  are  decimal.  With 
the  figures  1,  2,  3,  4,  5,  6,  7,  8,  9,  0  he  represents  all  possible 
variation  in  number,  the  position  of  a  figure  in  reference  to  its 
companions  alone  determining  its  value,  a  figure  on  the  left  hand 
of  any  other  figure  in  an  allocation  of  numeral  symbols  (for 
example,  1869)  having  ten  times  the  value  of  that  figure,  while 
the  figure  on  the  right  hand  of  any  other  has  a  tenth  of  the 
value  of  that  other.  When  the  youngest  pupil  is  asked  how 
many  units  there  are  in  1869,  he  smiles  at  the  simplicity  of  the 
question,  and  says  1869.  How  many  tens  ?  186,  and  9  over. 
How  many  hundreds  ?  18,  and  69  over.  How  many  thousands? 
1,  and  869  over.  But  if  he  is  asked  how  many  scruples  there 
are  in  1869  grains,  how  many  drachms,  how  many  ounces — he 
brings  out  his  slate  and  pencil.  And  so  with  the  pints  or  gallons 
in  1869  fluid  ounces,  or  the  feet  and  yards  in  1869  inches,  or  the 
pence,  shillings,  and  pounds  in  1869  farthings ;  to  say  nothing 
of  cross  questions,  such  as  the  value  of  1869  articles  at  9s.  6cL 
per  dozen,  or  of  the  perplexity  caused  by  the  varying  values  of 
several  individual  weights  or  of  measures  of  length,  capacity,  and 
surface  in  difi'erent  parts  of  the  country.  What  is  desired  is, 
that  there  should  be  an  equally  simple  decimal  relation  among 
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weights  and  measures  and  coins  as  already  nniversally  exists 
among  numbers.  This  condition  of  things  having  already  been 
introduced  into  most  other  countries,  there  is  no  good  reason 
why  it  should  not  be  accomplished  in  our  own.] 

The  system  of  weights  and  measures  legalized  by  "  the  Metric 
"Weights  and  Measures  Act,  1864/'  is  founded  on  the  metre. 
Fig.  65  represents  a  pocket  folding  measure  the  tenth  part  of 
a  metre  in  length,  divided  into  10  centimetres,  and  each  centi- 
metre into  10  millimetres. 

Fig.  65. 
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The  Decimetre. 


The  units  of  the  system  with  their  multiples  and  submultiples 
are  as  follows  : — 

IJj^ITS. 

Length. — The  Unit  of  Length  is  the  Metee,  derived  from  the 
measurement  of  the  Quadrant  of  a  Meridian  of  the  Earth.  (Prac- 
tically, it  is  the  length  of  certain  carefully  preserved  bars  of 
metal,  from  which  copies  have  been  taken.) 

Surface. — The  Unit  of  Surface  is  the  Are,  which  is  the  Square 
of  Ten  Metres. 

Capacity. — The  Unit  of  Capacity  is  the  Lttee,  which  is  the 
Cube  of  a  Tenth  Part  of  a  Metre. 

Weight. — The  Unit  of  Weight  is  the  Gram,  which  is  the  Weight 
of  that  quantity  of  distilled  water,  at  its  maximum  density,  which 
fiUs  a  Cube  of  the  One  hundredth  part  of  the  Metre. 

Table. 

Note. — Multiples  are  denoted  by  the  Greek  words  "  Deka,"  Ten,  "  Hecto," 
Hundred,  "Kilo,"  Thousand. 
Subdivisions  by  the  Latin  words,  "  Deci,"  One  tenth,  "  Centi,"  One 
hundredth,  "  Milli,"  One  thousandth. 


Quantities.  Length.  Surface.  Capacity.  Weight. 

1000  Kilo-metre        ....  Kilo-litre  Kilo-gram 

100  Hecto-metre  Hectare  Hecto-litre  Hecto-gram 

10  Deka-metre       ....  Deka-litre  Deka-gram 

1  (Units)  METRE  ARE  LITRE  GRAM 

■1  Deci-metre        ....  Deci-litre  Deci-gram 

•01  Centi-metre  Oentiare  Centi-litre  Oenti-gram 

•001  Milli-metre    Milli-litre  Milli-gram 
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When  the  metric  method  is  exclusively  adopted  in  Great 
Britain,  these  Units  and  Table,  comprising  the  entire  System  of 
Weights  and  Measures,  represent  all  that  will  be  essential  to  be 
learnt  in  lieu  of  the  numerous  and  complicated  Tables  hitherto  in 
use.  Adopting  the  style  of  elementary  books  on  arithmetic,  the 
Table  may  be  expanded  in  the  following  manner  : — 

10  Milligrams  make  1  centigram. 
10  Centigrams    „     1  decigram. 
10  Decigrams      „     1  gram. 
10  Grams  ^,     1  dekagram. 

10  Dekagrams  1  hectogram. 

10  Hectograms         1  kilogram. 

10  Miililitres  make  1  centilitre, 
etc. 

10  Millimetres  make  1  centimetre^ 
etc. 


The  following  approximate  British  equivalents  of  metrical 
units  should  be  committed  to  memory  : — 

1  Metre     =  3  feet  3  inches  and  3  eighths. 
1  Are        =  a  square  whose  side  is  11  yards. 
1  Litre      =  If  pint. 
1  Gramme  =  15J  grains. 

The  Metric  Ton  of  1000  Kilo-grammes  =  19  cwt.  2  qrs.  20  lbs.  10  oz. 

The  Kilo-gramme =2  lbs.  3  J  oz.  nearly. 

The  Hect-are=2|  acres  nearly. 

For  exact  equivalents,  in  many  forms,  see  pages  588  and  589. 
(The  word  gramme  is,  in  English,  usually  written  gram.) 

Decimal  Coinage, — In  most  countries  where  the  metric  system 
of  weights  and  measures  is  employed,  a  decimal  division  of  coins 
is  also  adopted.  This  course,  conjoined  with  the  ordinary  decimal 
method  of  enumerating,  which  fortunately  is  in  universal  use, 
renders  calculations  of  all  kinds  most  simple, — easy  to  an  extent 
which  cannot  be  conceived  in  countries  like  England,  where  the 
operations  of  weighing,  measuring,  paying,  and  counting  have 
only  the  most  absurdly  intricate  relations  to  each  other. 
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The  General  Council  under  whose  authority  the  British  Phar- 
macopoeia is  issued  encourages  medical  practitioners  and  phar- 
macists in  the  adoption  of  the  metric  system,  and  gives  the 
annexed  statement  of  metric  weights  and  measures. 


WEIGHTS  AJSTD  MEASUEES  OE  THE  METEICAL 
SYSTEM. 

(From  the  British  Pharmacopoeia  of  1867.) 


Milligramme  =the  thousandth  part  of  one  grm.  or  0-001  grm. 
Centigramme  =the  hundredth  „  0*01 

Decigramme    =the  tenth  0*1 
Gramme         =  weight  of  a  cubic  centimetre  of      I'O  „ 
water  at  4°  C. 

Decagramme  =ten  grammes  10-0  „ 

Hectogramme  =one  hundred  grammes  100*0  „ 

Kilogramme    =  one  thousand  grammes  1000-0(1  kilo). 


MEASURES  OE  CAPACITY. 

1  Millilitre  =      1  cub.  centim.  or  the  mea.  of  1  gram,  of  water. 

1  Centilitre  =    10         „  „  10  „ 

1  Decilitre  =  100         „  „  100 

1  Litre       =1000         „  „        1000    „     (1  kilo.). 


MEASURES  OE  LENGTH. 

1  Millimetre  =the  thousandth  part  of  one  metre  or  0*001  metre. 
1  Centimetre  =the  hundredth  „  0*01  „ 

1  Decimetre  =the  tenth  „  0*1        „  ^ 

1  Metre        =the  ten-millionth  part  of  a  quarter  of  the  meri- 
dian of  the  earth. 


The  following  Tables,  from  the  British  Pharmacopoeia  and 
the  Diary  of  Messrs.  De  La  Rue,  will  be  found  useful  for 
reference : — 
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WEIGHTS  AND  MEASUEES  OF  THE  BRITISH 
PHAEMACOPCEIA  OE  1867. 

WEIGHTS. 

1  Grain  gr. 

1  Ounce        oz.                           =  437*5  grains. 

1  Pound       lb.    =    16  ounces    =  7000 


Minim 

Eluid  Drachm 
Eluid  Ounce 
Pint 
Gallon 


MEASURES  OE  CAPACITY. 

min. 

fl.  drm.  = 

fl.  oz.  = 

0.  = 

C.  = 


60  minims. 

8  fluid  drachms. 
20  fluid  ounces. 

8  pints. 


MEASURES  OF  LEI7GTH. 

1  line  =^  inch. 

1  inch =3071393  seconds-pendulum. 
12  „   =1  foot. 
36  „   =3  feet=l  yard. 
Length  of  pendulum  vibrating  seconds  of  mean  1 

time  in  the  latitude  of  London,  in  a  vacuum  !^  39*1393  inches.^ 
at  the  level  of  the  sea   <,  J 

(1  cubic  inch  of  distilled  water  at  62°  E.  and  30  inch  Barom. 
-^252-458  grains.) 


EELATIOiq-  OF  MEASURES  TO  WEIGHTS. 

1  Minim  is  the  measure  of  0*91  grain  of  water. 

1  Eluid  Drachm    „  54*68  grains  of  w  ater, 

1  Eluid  Ounce  „  1  ounce  or  437*5 
1  Pint  „      1*25  pound  or  8750*0 

1  Gallon  „    10  pounds  or  70,000*0 
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QUESTIOIs^S  A^J)  EXEECISES. 

944.  Mention  some  advantages  of  a  decimal  system  of  weights 
and  measures. 

945.  What  is  the  name  of  the  chief  unit  of  the  metric  decimal 
system  of  weights  and  measures  ? 

946.  Mention  the  names  of  the  metric  units  of  surface,  capacity, 
and  weight,  and  state  how  they  are  derived  from  the  unit  of  length. 

947.  How  are  multiples  of  metric  units  indicated  ? 

948.  State  the  designations  of  submultiples  of  metric  units. 
94c9.  How  many  metres  are  there  in  a  kilometre  ? 

950.  How  many  millimetres  in  a  metre  ? 

951.  How  many  grams  in  5  kilograms  ? 

952.  How  many  milligrams  in  13|  grams  ? 

953.  In  1869  centigrams  how  many  grams  ? 

954.  In  a  metre  measure  5  centimetres  wide  and  1  centimetre 
thick  how  many  cubic  centimetres  ? 

955.  How  many  litres  are  contained  in  a  cubic  metre  of  any 
liquid  ? 

956.  State  the  British  equivalent  of  the  metre. 

957.  How  many  square  yards  in  an  are  ? 

958.  How  many  fluid  ounces  in  a  litre  ? 

959.  How  many  ounces  in  a  kilogram  ? 

960.  Give  the  relation  of  a  metric  ton  (1000  kilos.)  to  a 
British  ton. 

961.  How  many  grains  are  there  in  1  British  ton  ? 

962.  How  many  ounces  in  1  ton  ? 

963.  How  many  grains  of  water  in  1  fluid  drachm  ? 

964.  How  many  minims  in  1  pint  ? 

965.  How  many  grains  in  1  pint  of  water? 

966.  Whence  is  the  British  unit  of  length  derived? 


Specific  Weight  or  Specific  Gravity. 

The  specific  weight  of  a  substance  is  its  weight  in  comparison 
with  the  weights  of  similar  bulks  of  other  substances.  This 
comparative  heaviness  of  solids  and  liquids  is  conventionally 
expressed  in  relation  to  water:  they  are  considered  as  being 
lighter  or  heavier  than  water.  Thus,  water  being  regarded  as 
unity =1,  the  relative  weight,  or  specific  weight,  of  ether  is  re- 
presented by  the  figures  -720  (it  is  nearly  three-fourths,  -750,  the 
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weight  of  water),  oil  of  vitriol  by  1*843  (it  is  nearly  twice,  2*000, 
as  heavy  as  water).  The  specific  weight  of  substances  is,  more- 
over, the  weight  of  similar  volumes  at  sixty  degrees  (60^  F.) ; 
for  the  weight  of  a  definite  volume  of  any  substance  will  vary 
according  to  temj^erature,  becoming  heavier  when  cooled  and 
lighter  when  heated,  different  bodies  (gases  excepted)  differing 
in  their  rate  of  contraction  and  expansion.  While,  then,  specific 
weight  or,  conventionally,  specific  gravity  is,  truly,  the  comparative 
weight  of  equal  bulks,  the  numbers  which,  in  Grreat  Britain, 
commonly  represent  specific  gravities  are  the  comparative  weights 
of  equal  bulks  at  60°  F.,  water  being  taken  as  unity*.  The 
standard  of  comparison  for  gases  was  formerly  air,  but  is  now 
usually  hydrogen. 

Specific  Gkavity  of  LiauiDs. 
Procure  any  small  bottle  holding  from  100  to  1000  grains 
(fig.  66),  and  having  a  narrow  neck ;  counterpoise  it  in  a  delicate 
balance  ;  fill  it  to  about  halfway  up  the  neck  with  pure  distilled 
water  having  a  temperature  of  60°  F. ;  ascertain  the  weight  of 
the  water,  and,  for  convenience,  add  or  subtract  a  drop  or  two,  so 
that  the  weight  shall  be  a  round  number  of  grains ;  mark  the  neck 
by  a  diamond  or  file-point  at  the  part  cut  by  the  lower  edge  of 
the  curved  surface  of  the  water.  Consecutively  fill  up  the  bottle 
to  the  neck-mark  with  several  other  liquids,  cooled  or  warmed  to 
60°  F.,  first  rinsing  out  the  bottle  once  or  twice  with  a  small 
quantity  of  each  liquid,  and  note  the  weights  ;  the  respective 
figures  will  represent  the  relative  weights  of  equal  bulks  of  the 
liquids.  If  the  capacity  of  the  bottle  is  1 0,  100,  or  1000  grains, 
the  resulting  weights  will,  without  calculation,  show  the  specific 
gravities  of  the  liquids  ;  if  any  other  number,  a  rule-of-three  sum 

*  The  true  weight  of  a  body  is  its  weight  in  air  plus  the  weight  of  an 
equal  bulk  of  air  and  minus  the  weight  of  a  bulk  of  air  equal  to  the  bulk  of 
the  brass  or  other  weights  employed  ;  or,  in  other  words,  its  weight  in  vacuo, 
uninfluenced  by  the  buoyancy  of  the  air :  but  such  a  correction  of  the  weight 
of  a  body  is  seldom  necessary  or,  indeed,  desirable.  Density/  is  sometimes 
improperly  regarded  as  synonymous  with  specific  gravity.  It  is  true  that 
the  density  of  a  body  is  in  exact  proportion  to  its  specific  gravity  ;  but  the 
former  is  more  correctly  the  comparative  bulk  of  equal  weights,  while  specific 
gravity  is  the  comparative  weight  of  equal  bulks. 
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must  be  worked  out  to  ascertain  the  weight  of  the  liquids  as  com- 
pared with  1  (or  I'OOO)  of  water.    Bottles  conveniently  adjusted 


Fig.  66.        Eig.  67.        Pig.  68.        Fig.  69. 


Specific-Gravity  Bottles. 


to  contain  250,  500,  or  1000  grains,  or  100  or  50  grammes  of 
water,  when  filled  to  the  top  of  their  perforated  stopper  (fig.  68), 
and  other  forms  of  the  instrument  (fig.  67  and  69),  are  sold  by 
all  chemical-apparatus  makers.  Figure  69  is  that  of  a  bottle 
extremely  useful  in  ascertaining  the  specific  gravities  of  very 
volatile  liquids. 

Yerify  some  of  the  following  stated  specific  gravities  of  official 
liquids 


Acid,  acetic   1*044 

„    diluted..   1-006 

„       „    glacial              1-065  to  1-066 

„    carbolic    1-065 

„    hydrochloric    1-160 

diluted   1-052 

„    hydrocyanic    0*997 

„    nitric   1*420 

„     diluted   1-101 

„    nitro-hydrochloric   1-074 

„    phosphoric,  diluted    1-080 

„    sulphuric    1*843 

„         „        aromatic    0*927 

diluted   1*094 

„    sulphurous,  solution  of   1*040 

Alcohol,  absolute   0  795 

5,     (rectified  spirit,  84  per  cent.)  0*838 
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Alcohol  (proof  spirit,  49  per  cent.) .  .  0*920 

„      amylic    0-818 

Ammonia,  aromatic  spirit  of    0*870 

„       solution  of   0-959 

„       strong  solution  of   0*891 

Antimony,  solution  of  chloride  of  .  .  1*470 

Arsenic,  hydrochloric  solution  of .  .  .  .  1*009 

Arsenical  solution  {Liquor  Arsenicalis)  1  -009 

Eenzol   0*850 

Bismuth  and  ammonia,  sol.  of  citrate  of  1  *  122 

Bromine    2*966 

Chlorine,  solution  of    1*003  i 

Chloroform    1*490 

spirit  of    0*871 

Cinchona,  liquid  ext.  of  yellow  (about)  1*100 

Creasote    1*071 

Ether    0*735 

„     pure    0*720 

Glycerine   1*250 

Iron,  solution  of  pernitrate  of   1*107 

„         „         persulphate  of  ....  1*441 

strong  solution  of  perchloride  of  1*440 

„    tincture  of  perchloride  of  ....  0*992 

Lead,  solution  of  subacetate  of  ....  1*260 

Lime,  saccharated  solution  of   1*052 

„    solution  of  chlorinated  ......  1*035 

Mercury  (at  0°  C.=32°P.)   13*596 

„      (at  15°*55C.  =  60° E.)  ....  13*560 

„      acid  solution  of  nitrate  of  . .  2*246 

J^itre,  sweet  spirit  of   0*845 

Oil  of  mustard   1*015 

Potash,  solution  of   1*058 

Soda,         „    1*047 

„           „          chlorinated  ....  1*103 

Squill,  oxymel  of   1*320 

Syrup    1*330 

„    of  buckthorn   1*320 

„    of  chloral    1*218 

„    of  ginger   

„    of  hemidesmus    1*335 

„    of  iodide  of  iron   1*385 

„    of  lemons    1*340 

„    of  mulberries   1*330 
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Syrup  of  orange- flower 


1-330 


„    of      „     peel  ^  

„    of  phosphate  of  iron 


„  of  poppies  . 

„  of  red  poppy 

„  of  „  roses 

„  of  rhubarb  . 

„  of  senna  . .  . 


1-320 
1-330 
1-335 


1-310 


Treacle 


of  sqnill 
„    of  tolu 


  1-330 

(about)  1-400 


Hydrometers. — The  specific  gravity  of  liquids  may  be  ascer- 
tained, without  scales  and  weights^  by  means  of  an  hydrometer — an 
instrument  usually  of  glass,  having  a  graduated  stem  and  a  bulb 
or  bulbs  at  the  lower  part.  The  specific  gravity  of  a  liquid  is 
indicated  by  the  depth  to  which  the  hydrometer  sinks  in  the 
liquid,  the  zero  of  the  scale  marking  the  depth  to  which  it  sinks 
in  pure  water.  Hydrometers  constructed  for  special  purposes  are 
known  under  the  names  of  saccharometer,  galactometer,  elseom^eter, 
urinometer,  alcoholometer.  Hydrometers  require  a  considerable 
quantity  of  liquid  fairly  to  float  them  ;  and  specific  gravities  ob- 
served with  them  are  less  delicate  and  trustworthy  than  those 
obtained  by  the  balance,  nevertheless  are  exceedingly  useful  for 
many  practical  purposes  where  the  employment  of  a  delicate 
balance  would  be  inadmissible. 


Pig.  70. 


Weighing  a  sohcl  in  water. 
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Specific  Geayity  of  Solids  m  Mass. 
Weigh  a  piece  (50  to  250  grains)  of  any  solid  substance  heavier 
than  water  in  the  usual  manner.  Then  weigh  it  in  water,  by 
suspending  it  from  a  shortened  balance-pan  by  a  fine  thread  or 
hair  and  immersing  in  a  vessel  of  Avater  (fig.  70).  The  buoyant 
properties  of  the  water  will  cause  the  solid  to  apparently  lose 
weight :  this  loss  in  weight  is  the  exact  weight  of  an  equal  hvik  of 
ivater.  The  weight  of  the  substance  and  the  weight  of  an  equal 
bulk  of  water  being  thus  ascertained,  a  rule-of-three  sum  shows 
the  proportional  weight  of  the  substance  to  1*000  of  water. 
To  express  the  same  thing  by  rule,  divide  the  weight  in  air  by 
the  loss  of  weight  in  water,  the  resulting  number  is  the  specific 
gravity  in  relation  to  1  part  of  water,  the  conventional  standard 
of  comparison. 

Yerify  some  of  the  following  specific  gravities  : — 


Aluminium   2*56 

Antimony   6*71 

Eismuth   9-83 

Coins,  English,  gold    17*69 

silver   10*30 

„         „      bronze    8*70 

Copper    8*95 

Gold   19*34 

Iron    7*84 

Lead   11-36 

Magnesium  ,   1*74 

Marble    2*70 

Phosphorus   »  . .  .  .  1*77 

Platinum   21*53 

Silver  ,  10*53 

Sulphur   2*05 

Tin   7*29 

Zinc    7-14 


Specific  gravities  of  solid  substances  should  be  taken  in  water 
having  a  temperature  of  about  60°  P.  The  body  should  be  im- 
mersed about  half  an  inch  below  the  surface  of  the  water; 
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aclhering  air-bubbles  must  be  carefully  removed ;  the  body  must 
be  quite  insoluble  in  water. 

Specific  Grayitt  of  Solids  ij^  Powder  or  small  Eragmei^ts. 

Weigh  the  particles ;  place  them  in  a  counterpoised  specific- 
gravity  bottle  of  known  capacity,  and  fill  up  with  water,  taking 
care  that  the  substance  is  thoroughly  wetted;  again  weigh. 
Prom  the  combined  weights  of  water  and  substance  subtract  the 
amount  due  to  the  substance ;  the  residue  is  the  weight  of  the 
water.  Subtract  this  weight  of  water  from  the  quantity  which 
the  bottle  normally  contains :  the  residue  is  the  amount  of  water 
displaced  by  the  substance.  Having  thus  obtained  the  weights 
of  equal  bulks  of  water  and  substance,  a  rule -of- three  sum  shows 
the  relation  of  the  weight  of  the  substance  to  1  part  of  water, 
the  specific  gravity. 

Or,  suspend  a  cup,  short  glass  tube,  or  bucket  from  a  shortened 
balance -pan ;  immerse  in  water  ;  counterpoise ;  place  the  weighed 
powder  in  the  cup,  and  proceed  as  directed  for  taking  the  spe- 
cific gravity  of  a  solid  in  mass. 

This  operation  may  be  conducted  on  fragments  of  any  of  the 
substances  the  specific  gravities  of  which  are  given  in  the  fore- 
going Table,  or  on  the  powdered  piece  of  marble  the  specific 
gravity  of  which  has  been  taken  in  mass.  The  specific  gravity  of 
one  piece  of  glass,  first  in  mass  then  in  powder,  may  be  ascer- 
tained ;  the  result  should  be  identical.  The  specific  gravity  of 
shot  is  about  11*350 ;  sand,  2*600 ;  mercury,  13*56. 

Specific  Gravity  of  Solids  Soluble  m  Water. 

Weigh  a  piece  of  sugar  or  other  substance  soluble  in  water ; 
then  suspend  it  from  a  balance  in  the  usual  manner,  and  weigh 
it  in  turpentine,  benzol,  or  petroleum,  the  specific  gravity  of 
which  is  known  or  has  been  previously  determined ;  the  loss  in 
weight  is  the  weight  of  an  equal  bulk  of  the  turpentine.  Ascer- 
tain the  weight  of  an  equal  bulk  of  water  by  calculation : — 
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Sp.  gr.  of  ^  sp.  gr.  of  .  .      observed     ,  equal  bulk 
turpentine  '     water     *  '  bulk  of  turp.  *    of  water. 

Tbe  exact  weights  of  equal  bulks  of  sugar  and  water  being  ob- 
tained, the  weight  of  a  bulk  of  sugar  corresponding  to  1*000  of 
water  is  shown  bj  a  rule-of-three  sum ;  in  other  words,  divide  the 
weight  of  sugar  by  that  of  the  equal  bulk  of  water,  the  quotient 
is  the  specific  gravity  of  sugar.  The  stated  specific  gravity  of 
sugar  ranges  from  1*590  to  1*607. 

Specipic  Geavitt  of  Solids  lightek  thai^  Watee. 

This  is  obtained  in  a  manner  similar  to  that  for  solids  heavier 
than  water ;  but  the  light  body  is  sunk  by  help  of  a  piece  of  heavy 
metal,  the  bulk  of  water  which  the  latter  displaces  being  deducted 
from  the  bulk  displaced  by  both  ;  the  remainder  is  the  weight  of 
a  bulk  of  water  equal  to  the  bulk  of  the  light  body.  Por  instance, 
a  piece  of  wood  weighing  12  grammes  (or  grains)  is  tied  to  a  piece 
of  metal  weighing  22  grammes,  the  loss  of  weight  of  the  metal  in 
water  having  been  previously  found  to  be  3  grammes.  The  two, 
weighing  34  grammes,  are  now  immersed,  and  the  loss  in  weight 
found  to  be  26  grammes.  But  of  this  loss  3  grammes  have  been 
proved  to  be  due  to  the  buoyant  action  of  the  water  on  the  lead ; 
the  remaining  23,  therefore,  represent  the  same  effect  on  the  wood ; 
23  and  12,  therefore,  represent  the  weights  of  equal  bulks  of 
water  and  wood.  As  23  are  to  12  so  is  1  to  -5217.  Or,  shortly, 
as  before,  divide  the  weight  in  air  by  the  weight  of  an  equal  bulk 
of  water;  -5217  is  the  specific  gravity  of  the  wood.  Another 
specimen  of  wood  may  be  found  to  be  three  fourths  (-750)  the 
weight  of  water,  and  others  heavier,  Cork  varies  from  '100 
to  -300. 

Specieic  Geavitt  of  Gises. 

This  operation  is  similar  to  that  for  liquids.  A  globe  exhausted 
of  air  and  holding  from  1  to  4  litres  (or  quarts)  is  suspended  from 
the  arm  of  a  balance,  and  counterpoised  by  a  similar  flask.  Gases 
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are  introduced  in  succession  and  their  weights  noted.  A  rule-of- 
three  sum  shows  their  specific  gravity  in  relation  to  air  or  hydro- 
gen, whichever  be  taken  as  a  standard. 

Correction  of  the  Volume  of  Gases  for  Pressure, — The  height  of 
the  barometer  at  the  time  of  manipulation  is  noted.  Eemem- 
bering  the  fact  that  ^'  the  bulk  of  a  gas  is  inversely  as  the  pres- 
sure to  which  it  is  subjected  "  (Eoyle  and  Mariotte),  a  simple 
calculation  shows  the  volume  which  the  gas  would  occupy  at  7 60 
millimetres  (or  29*922  inches),  the  standard  pressure.  (30  inches 
is  sometimes  adopted  as  the  standard  in  England*.)  Thus  40 
volumes  of  a  gas  at  740  millims.  pressure  are  reduced  to  39  when 
the  pressure  becomes  760  millimetres  (or  90  vols,  at  29  ins. 
barom.  become  87  vols,  at  30  inches). 

Correction  of  the  Volume  of  Gases  for  Temperature. — This  is 
done  in  order  to  ascertain  what  volume  the  gas  would  occupy  at 
0°  C.  (32°  P.)  or  15°-5  C.  (60°  F.),  according  to  the  standard 
taken.  Gases  are  equally  affected  by  equal  variations  in  tem- 
perature (Charles).  They  expand  about  0-3665  f  per  cent,  (-g-y^-) 
of  their  volume  at  the  freezing-point  of  water  for  every  C.  degree 
(0-2036,  or  -j-J-y  for  every  F.  degree)  (Eegnault).  Thus  8  volumes 
of  gas  at  0°  C.  will  become  8-293  at  10°  C. ;  for  if  100  become 
103*665  on  being  increased  in  temperature  10°  Q.,  8  will  become 
8-293  (or  if  100  become  102-036  on  being  increased  10°  F.,  8  will 
become  8*1629). 

Vajyour-clensity. — Yapours  are  those  gases  which  condense  to 
liquids  at  common  temperatures.  By  the  density  of  a  vapour  is 
meant  its  specific  gravity.  The  density  of  a  vapour  is  the  ratio 
of  any  given  volume  to  a  similar  volume  of  air  or  hydrogen  at 
the  same  temperature  and  pressure.  But,  for  convenience  of 
comparison,  this  experimental  specific  gravity  is  referred,  by  cal- 
culation as  just  described  for  permanent  gases,  to  a  temperature  of 
0°  C,  and  760  millimetres  barom.  A  teaspoonful  or  so  of  liquid 
is  placed  in  a  weighed  flask  of  about  the  capacity  of  a  common 
tumbler  and  having  a  capillary  neck ;  the  flask  is  heated  in  an 
oil-bath  to  a  temperature  considerably  above  the  boiling-point  of 

In  France  the  conventional  standard  height  of  the  barometer  is  760  mil- 
limetres at  0°  C.  (32°  F,) ;  in  England  it  is  30  inches,  the  temperature  of 
the  mercurial  column  being  60°  F.  760  millims.  is  equivalent  to  29'922 
inches;  but  the  expansion  of  the  metal  between  32°  F.  and  60°  F.  increases 
the  length  of  the  column  to  30*005  inches.  The  standards  are  therefore 
almost  identical,  difference  in  true  length  being  counterbalanced  by  the  tem- 
perature at  which  the  length  is  observed. 

t  Corrected  for  the  difference  between  the  mercurial  and  air-thermometers 
the  coefficient  of  expansion  of  air  is  0'003656  (Miller). 
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the  liquid ;  at  the  moment  vapour  ceases  to  escape,  the  neck  is 
sealed  by  a  blowpipe-flame,  and  the  temperature  of  the  bath 
noted  ;  the  flask  is  then  removed,  cooled,  cleaned,  and  weighed  ; 
the  height  of  the  barometer  is  also  taken.  The  neck  of  the 
flask  is  next  broken  oif  beneath  the  surface  of  water  or  mercury 
(which  rush  in  and  fill  it),  and  again  weighed,  by  which  its  capa- 
city in  cub.  centims.  is  found.  Prom  these  data  the  volume  of  va- 
pour yielded  by  a  given  weight  of  liquid  is  ascertained  by  a  few 
obvious  calculations.  The  capacity  of  the  globe  having  been  as- 
certained, the  weight  of  an  equal  bulk  of  air*  is  obtained  by  a 
rule-of-three  sum.  This  weight  of  air  is  deducted  from  the  ori- 
ginal weight  of  the  flask,  which  gives  the  true  weight  of  the 
glass.  The  weight  of  the  glass  is  next  subtracted  from  the 
weight  of  the  flask  and  contained  vapour  (now  condensed),  which 
gives  the  weight  of  material  used  in  the  experiment.  The  vo- 
lume which  this  weight  of  material  occupied  at  the  time  of  expe- 
riment is  next  corrected  for  temperature  (to  0°  C.)  and  pressure 
(760  millimetres)  in  the  manner  just  described.  The  weight  of  a 
similar  volume  of  hydrogen  is  next  found  f.  The  weights  of 
equal  volumes  of  hydrogen  and  vapour  being  thus  determined, 
the  amount  of  vapour  corresponding  to  1  of  hydrogen  (the  specific 
gravity  or  vapour-density)  is  shown  by  a  short  calculation.  This 
process  of  finding  the  weight  of  a  given  volume  of  vapour  is 
by  Dumas.  Gay-Lussac's  consists  in  determining  the  volume  of 
a  given  weight :  it  has  been  improved  by  Hofmann. 

Experiment  shows  that  the  specific  gravities  of  many  gases  and 
vapours  on  the  hydrogen  scale  and  the  proportions  in  which  they 
combine  by  weight  are  identical.  Thus  chlorine  is  35*5  times  as 
heavy  as  hydrogen,  and  35*5  parts  unite  with  1  of  hydrogen  to 
form  hydrochloric  acid  gas.  Hence  if  the  specific  gravity  of  a 
gas  or  vapour  is  known,  its  combiniug-proportion  may  be  predi- 
cated with  reasonable  certainty,  and  vice  ve7^sd.  In  applying 
this  rule  to  gaseous  or  vaporous  compounds,  attention  must  be 
paid  to  the  extent  to  which  their  constituent  gases  contract  at 

^  1  cub.  centim.  of  air  at  0°  C.  and  760  millims.  weighs  0-001293  gramme. 

t  1  litre  (1000  cub.  centims.)  of  hydrogen  at  0°  C.  and  760  millimetres 
(the  barometer  being  at  0°  C.)  weighs  0*0896  gramme — a  volume  sometimes 
termed  a  crith  (from  Kpidrj,  krithe,  Sb  barley-corn — figuratively,  a  small 
weight) ;  thus  a  litre  of  oxygen  weighs  16  criths,  chlorine  35-5  criths,  etc. 
100  cubic  inches  of  hydrogen  at  32°  weigh  2-265  grains  ;  at  60°  F.  2-143 
grains  (the  barometer  being  30  ins.  at  60°  F.  in  both  cases).  100  cubic  inches 
of  air  at  32°  F,  weigh  32698  grains;  at  60°  F.,  30-935  (barom.  30  ins.  at 
60°  F.).  1  cubic  inch  of  water  weighs  252-5  (252*458  at  62°  F.,  and  30  in. 
bar.)  grains.   1  gallon  of  water  contains  277^  (277*274  at  62°  F.)  cubic  inches. 
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the  moment  of  combination  or  expand  at  the  moment  of  decom- 
position. Thus  steam  is  found  to  be  composed  of  two  volumes  of 
hydrogen  and  one  of  oxygen,  the  three  volumes  of  constituents 
condensing  to  two  at  the  moment  of  combination.  Hence  steam 
may  be  expected  to  be  nine  times  as  heavy  as  hydrogen,  which 
experiment  confirms. 

These  relations  may  be  so  expressed  as  to  include  both  elemen- 
tary and  compound  gases  and  vapours,  thus  :  molecular  weights 
and  specific  weights  are  identical.  Molecular  weights  represent 
two  volumes  of  a  gas  ;  specific  gravity  conventionally  represents 
the  relative  weight  of  a  gas  compared  with  one  volume  of  hydro- 
gen or  air ;  hence  the  specific  gravity  of  a  gas  or  vapour  on  the 
H  scale  is  found  by  calculation  on  simply  dividing  the  molecular 
weight  by  2 ;  on  the  air-scale  by  dividing  the  hydrogen  numbers 
by  14-44.    Eor  example : — 

Specific  gravity. 
Molecular     Molecular    ^  ^  ^ 


Name.          formula.  weight.  H  =  2.  H=l.  Air=l. 

Hydrogen                      H^               2  2  1  -069 

Chlorine                       Cl^             71  71  35*5  2460 

Oxygen    32  32  16  1-108 

Nitrogen                       N^  28  28  14  -970 

Steam                         H^O             18  18  9  -624 

Ammonia  gas               NH3             17  17  8-5  -589 

Carbonic  acid  gas          CO.,  44  44  22  1-524 

Alcohol  (vapour)   C^HgO  46  46  23  1-593 

Air     28-88  1444  I'OOO 


These  specific  gravities  closely  correspond  with  those  obtained  by 
actual  experiment.  The  specific  gravity  of  any  gas  or  vapour 
may  therefore  be  calculated  if  the  following  data  are  at  hand : — 
(a)  formula,  (h)  atomic  weight  of  constituent  elements ;  these  give 
the  molecular  weight,  and  the  molecular  weight  divided  hy  2  is  the 
specific  gravity  on  the  hydrogen -scale.  Specific  gravity  on  the 
air-scale  is  then  deducible,  if  (c)  the  specific  gravity  of  air  (14-44) 
in  relation  to  hydrogen  be  remembered.  The  absolute  weight  of 
any  volume  of  a  gas  or  vapour  on  the  metric  system  is  then  ob- 
tainable if  (d)  the  weight  of  a  litre  of  hydrogen  (0-0896  gramme) 
be  known,  or  on  the  English  plan  by  remembering  (e)  that  100 
cubic  inches  of  hydrogen  at  60°  F.  weigh  2*143  grains  (100 
cubic  inches  of  air  at  60°  E.  weigh  30-935  grains). 

In  confirmation  of  these  statements  regarding  the  mutual  re- 
lation of  specific  gravity  and  atomic  weight,  a  remarkable  fact 
may  be  mentioned.  Regnault  several  years  ago  found  the  weights 
of  1  litre  of  hydrogen  and  oxygen  to  be  respectively  -089578  and 
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1-429802  gramme.  The  latter  number  divided  by  the  former 
gives  15-96  as  the  specific  gravity  of  oxygen.  Stas,  in  recent  ex- 
perimental r  '^'earches  on  combining-proportion,  finds  the  atomic 
weight  of  oxygen  to  be  not  16,  but  15*96. 

Exceptions  to  the  law  occur  in  a  few  compounds  and  in  arse- 
nicum  and  phosphorus,  whose  vapour- densities  are  twice  that 
indicated  by  the  rule. 

Belation  of  the  specific  heat  of  elements  to  their  atomic  weights. — 
Eeference  may  here  appropriately  be  made  to  a  physical  fact  of 
great  importance  as  regards  molecular  and  atomic  weights.  In 
the  earlier  pages  of  this  manual  it  was  stated  that  elements  do 
not  combine  chemically  in  haphazard  proportions,  but  in  fixed 
weights  ;  and  abundant  evidence  of  the  truth  of  the  statement 
has  already  been  afforded,  and  will  also  be  found  in  this  section 
on  quantitative  analysis.  Secondly,  it  has  been  shown  that 
elements  do  not  combine  in  haphazard  proportions  by  volume, 
but  in  certain  constant  bulks;  and  the  weights  of  these  bulks 
have  been  found  to  be  identical  with  the  combining  weights 
themselves.  Thirdly  (this  is  the  point  to  which  attention  is  now 
drawn),  if  equal  amounts  of  heat  be  given  to  elements  in  the 
solid  state  (that  is,  to  solid  elements  or  to  solid  compounds  of  vo- 
latile elements),  and  the  quantity  of  the  element  be  increased  or 
diminished  until  each  is  thus  heated  through  an  equal  number 
of  degrees,  it  will  be  found  that  the  difi'erent  weights  of  elements 
required  are  (in  relation  to  a  common  standard)  identical  with 
the  combining  weights  of  the  elements,  and  with  the  weights  of 
the  combining  volumes  of  the  elements.  Thus,  where  108  parts 
of  silver  would  be  employed,  207  of  lead  would  be  necessary. 
Hence,  in  the  determination  of  (ct)  combining-proportion,  (6) 
specific  gravity  in  gaseous  state,  and  (c)  specific  heat,  three  di- 
stinct methods  of  ascertaining  atomic  weight  are  available.  In 
cases  where  one  method  is  inapplicable  recourse  is  had  to  either 
or,  if  practicable,  both  of  the  others,  and  thus  the  trustworthi- 
ness of  observations  and  generalizations  placed  more  or  less 
beyond  question.  The  specific  heat  of  a  solid  element  is  the 
same  in  the  free  as  in  the  combined  condition ;  therefore  the 
specific  heat  of  a  molecule  is  the  sum  of  the  specific  heats  of  its 
constituent  atoms.  Prom  the  specific  heat  of  a  solid  compound  of 
a  volatile  element  (chlorine,  for  example)  can  thus  be  calculated 
the  specific  heat  of  an  element  in  the  solid  state,  even  though  the 
free  element  cannot  itself  be  solidified.  Por  the  processes  by 
which  experimentally  to  determine  specific  heat  the  reader  is 
referred  to  books  on  physics. 

2d 
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QUESTIOIiS  AJSTD  EXEECISES. 

967.  Define  specific  weight,  or,  as  it  is  commonly  termed, 
specific  gravity. 

968.  In  speaking  of  light  and  heavy  bodies  specifically,  what 
standard  of  comparison  is  conventionally  employed  ? 

969.  How  are  specific  gravities  expressed  in  figures  ? 

970.  Why  should  specific  gravities  be  taken  at  one  constant 
temperature  ? 

971 .  How  does  the  buoyancy  of  air  afi'ect  the  real  weight  of 
any  material  ? 

972.  Describe  the  difierence  between  density  and  specific 
gravity. 

973.  Give  a  direct  method  for  the  determination  of  the  specific 
gravity  of  liquids. 

974.  A  certain  bottle  holds  150  parts,  by  weight,  of  water,  or 
135*7  of  spirit  of  wine ;  what  is  the  specific  gravity  of  the  latter  ? 
—Ans,  0-9046. 

974a.  An  imperial  fluid  ounce  of  a  liquid  weighs  366 J  grains ; 
what  is  its  specific  gravity  ? — Ans.  -838. 

975.  Equal  volumes  of  benzol  and  glycerine  weigh  34  and  49 
parts  respectively,  and  the  specific  gravity  of  the  benzol  is  0*850  ; 
what  is  the  specific  gravity  of  the  glycerine  ? — Ans.  1*225. 

976.  Explain  the  process  employed  in  taking  the  specific  gra- 
vity of  solid  substances  in  mass  and  in  powder. 

977.  State  the  method  by  which  the  specific  gravity  of  a  light 
body,  such  as  cork,  is  obtained. 

978.  What  modifications  of  the  usual  method  are  necessary  in 
ascertaining  the  specific  gravity  of  substances  soluble  in  water  ? 

979.  How  is  the  specific  gravity  of  gases  determined  ? 

980.  By  what  law  can  the  volume  of  a  gas,  at  any  required 
pressure,  be  deduced  from  its  observed  volume  at  another 
pressure  ? 

981.  To  what  extent  will  78  volumes  of  a  gas  at  29*3  inches 
barom.  alter  in  bulk  when  the  pressure,  as  indicated  by  the  baro- 
meter, is  30*2  inches? 

982.  Write  a  short  account  of  the  means  by  which  the  volumes 
of  gases  are  corrected  for  temperature. 

983.  At  the  temperature  of  15°  C.  40  volumes  (litres,  pints, 
ounces,  cubic  feet,  or  other  quantity)  of  a  gas  are  measured.  To 
what  extent  will  this  amount  of  gas  contract  on  being  cooled  to 
the  freezing-point  of  water  (0°C.)? 

Answer.  As  1  vol.  of  any  gas  at  zero  expands  or  contracts 
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•003665  of  a  vol.  for  each  rise  or  fall  of  1°  C,  1  vol.  at  0^  C.  if 
heated  to  15°  C.  will  become  increased  by  -054975  (that  is, 
•003665  multiplied  by  15°),  1  vol.  will  expand  to  1-054975.  Con- 
versely,  1*054975  vol.  will  contract  to  1vol.  if  cooled  from  15°  C. 
to  0°  C.  And  if  1*054975  becomes  1  in  cooling  through  15°  C, 
40  vols,  will  (as  found  by  rule  of  three)  contract  to  37*916. 

(The  following  five  problems  and  solutions  are  from  William- 
son's '  Chemistry.') 

984.  10  litres  of  oxygen  are  measured  oJff  at  14°  E.  Eequired 
the  volume  of  the  gas  at  15°  C. 

Answer.  The  first  operation  must  be  to  reduce  the  tempera- 
ture quoted  in  Fahrenheit's  degrees,  to  an  equivalent  value  on 
the  Centigrade  scale.  14°  E.  is  18°  below  32°  E.,  the  freezing- 
point  of  water;  and  a  range  of  9°  on  the  Eahrenheit  scale 
is  equal  to  a  range  of  5°  on  the  Centigrade  scale,  so  that 
the  temperature  at  which  the  oxygen  is  measured  off  is  — 10°  C. 
The  rise  of  temperature  up  to  0°  expands  the  gas  in  such  propor- 
tion that  its  volume  at  0°  is  to  its  volume  at  —10°  as  1  is  to 
1  —  0*03665,  i.  e.  as  1  to  0*96335.  The  further  rise  of  tempera- 
ture from  0°  C.  to  15°  expands  the  gas  in  the  proportion  of  1  to 
1  +  15x0-003665,  i,  e.  1  to  1*054975.  The  total  rise  of  tem- 
perature therefore  expands  the  gas  in  the  proportion  of  0*96335 
to  1*054975. 

0*96335  :  1*054975  :  :  10:^; 

.  ^._10X  1-054975 

0*96335  -- 

985.  230  cubic  centimetres  of  oxygen  are  measured  off  at  14°  C. 
and  740  millimetres  mercurial  pressure.  Kequired  the  volume 
of  the  gas  at  the  normal  temperature  and  pressure  (0°  C.  and  7 60 
millimetres). 

Answer,  Let  the  reduction  for  change  of  temperature  be  made 
first.    The  proportion 

1  +  14x0*003665:  1::230:^ 

gives 

To  reduce  this  volume  at  740  millimetres  pressure  to  the  vo- 
lume corresponding  to  the  pressure  of  760  millimetres,  we  have 
the  proportion 

38  :  37  :  :  218*77  :  x ; 

2  D  2 
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whence 

^,^37x|18:77^213-02. 

986.  A  litre  of  oxygen  is  confined  in  a  glass  flask  at  10°  C.  by 
the  atmospheric  pressure,  added  to  that  of  a  column  of  mercury 
60  millimetres  high.  The  flask  must  be  heated  to  300°  C.  with- 
out any  increase  of  volume  taking  place  in  the  oxj^gen.  How 
high  must  the  column  of  mercury  then  be  which  presses  on  the 
gas,  supposing  the  atmospheric  pressure  to  remain  constant  at 
760  millimetres  ? 

Ansiue7\  The  oxj^gen  is  given  at  10°  C.  and  820  millimetres 
pressure.  If  the  pressure  remained  constant,  the  rise  of  tempera- 
ture from  10°  C.  to  300°  C.  would  expand  the  gas  in  such  propor- 
tion that  1-03665  volume  would  expand  to  2-0995  volumes.  In 
order  to  prevent  any  expansion  the  pressure  must  be  increased 
in  the  same  proportion,  whence 

1-03665:  2-0995::  820:^; 

820x2-0995    _  „^  . 
l-0366£> 

•  Erom  this  total  pressure  the  atmospheric  pressure  of  760  milli- 
metres has  to  be  deducted,  leaving  900-6  millimetres  as  the 
height  of  the  required  mercurial  column. 

987.  A  litre  of  oxygen  is  required  of  the  density  of  100  at 
0°  C.  What  weight  of  potassic  chlorate  must  be  used  for  its 
preparation,  and  what  total  pressure  must  be  applied  to  it  ? 

Ansiver.  The  pressure  required  to  compress  oxygen  from  the 
density  of  16  to  that  of  100  is  found  by  the  proportion 

16:  100::  760:^; 
76000  ^^.^ 

/.  =4/ 50. 

lb 

At  the  pressure  of  4750  millimetres  of  mercury  the  weight  of  a 
litre  of  oxygen  (16  grammes  measure  11*2  litres  at  0°  C.  and 
760  millims.  pressure)  is  found  by  the  proportion 

760:4750::  i^:^; 
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whence 


16  X  4750  ^ 


The  weight  of  chlorate  required  for  the  evolution  of  8*93  grammes 
of  oxygen  is  found  from  the  proportion 

48:122-5::  8-93 
^^=22*8  grammes. 

988.  What  is  the  volume  of  12  grammes  of  hydrogen  at  15°  C? 
Answer.  One  gramme  of  hydrogen  measures  11*2  litres  at  0°  C, 

therefore  12  grammes  measure  12  x  11 '2=  134-4  litres  at  0°.  To 
find  their  volume  at  15°  C.  we  have  the  proportion 

1 :  1  + 15  X  0-003665  :  :  134-4  :  x ; 

whence 

^=134-4  X  1-054975  =  141-788  litres. 

989.  What  interest  for  chemists  have  the  specific  heats  of 
substances  ? 


Quantitative  Analysis^ 

Preliminary  Note. — Great  care  should  be  observed  in  selecting 
n  fair  sample  of  any  bulk  of  material  that  is  to  be  examined 
either  by  volumetric  or  gravimetric  quantitative  analysis.  If  the 
whole  quantity  is  in  separate  parcels,  and  there  is  any  ground  for 
believing  that  the  parcels  differ  in  quality,  they  should,  if  prac- 
ticable, be  carefully  mixed,  or,  technically,  "  bulked."  Small 
portions  should  be  taken  from  difi'erent  parts  of  the  resulting 
heap  and  well  mixed  in  a  mortar  or  other  vessel,  or,  in  certain 
cases,  dissolved,  and  the  solution  well  stirred  or  shaken.  A 
specimen  of  the  powder,  or  a  portion  of  the  solution,  may  then  be 
selected  for  analysis. 
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A  litre  jar.  A  litre  flask.  A  burette,  etc. 


APPAEATUS. 

The  only  special  vessels  necessary  in  volumetric  qnantitative 
operations  are: — 1.  A  litre  jiasTc  (fig.  72),  which,  when  filled  to 
a  mark  on  the  neck,  contains  at  15°  C,  or  about  60°  P.,  one  litre 
(1000  cubic  centimetres,  i.  e.  1000  grammes  of  water*);  it  serves 
for  preparing  solutions  in  quantities  of  one  litre.  2.  A  tall 
cylindrical  graduated  litre  jar  (fig.  71)  divided  into  100  equal 
parts ;  it  serves  for  the  measurement  and  admixture  of  decimal 
or  centesimal  parts  of  a  litre.  3.  A  graduated  tube  or  burette 
(fig.  73),  which,  when  filled  to  0,  holds  100  cubic  centimetres  (a 
decilitre),  and  is  divided  into  100  equal  parts ;  it  is  used  for 
accurately  measuring  small  volumes  of  liquids. 

The  best  form  of  burette  is  Mohr's.  It  consists  of  a  glass  tube 
commonly  about  the  width  of  a  little  finger  and  the  length  of  an 
arm  from  the  elbow,  contracted  at  the  lower  extremity  and  gra- 

A  cubic  centimetre  is,  strictly  speaking,  the  volume  occupied  by  one 
gramme  of  distilled  water  at  its  point  of  greatest  density,  namely  4°  C. ; 
metrical  measurements,  however,  are  uniformly  taken  at  15° '55  0.  (60°  F.). 
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duated.  The  width  and  length  of  burettes,  however,  as  well  as 
the  extent  and  fineness  of  their  graduation,  vary  considerably. 
To  the  contracted  portion  is  fitted  a  small  piece  of  vulcanized 
caoutchouc  tubing,  into  the  other  end  of  which  a  small  spout 
made  of  narrow  glass  tube  is  tightly  inserted.  A  strong  wire 
clamp  efiectually  prevents  any  liquid  from  passing  out  of  the 
burette  unless  the  knobs  of  the  clamp  are  pressed  by  the  finger 
and  thumb  of  the  operator,  when  a  stream  or  drops  flow  at  will. 
In  place  of  the  india-rubber  tubing  and  clamp,  a  stopcock  is  some- 
times employed ;  and  other  modes  of  arresting  the  flow  of  liquid 
may  be  adopted.  The  accurate  reading  of  the  height  of  a  solution 
in  the  burette  is  a  matter  of  great  importance ;  it  should  be  taken 
from  the  bottom  of  the  curved  surface  of  the  liquid.  It  may  be 
still  more  exactly  measured  by  the  employment  of  a  hollow  glass 
float  or  bulb  (Erdmann's  float — see  fig.  73),  of  such  a  width  that  it 
can  move  freely  in  the  tube  without  undue  friction,  and  so  adjusted 
in  weight  that  it  shall  sink  to  more  than  half  its  length  in  any 
ordinary  liquid.  A  fine  line  is  scratched  round  the  centre  of  the 
float ;  this  line  must  be  always  regarded  as  marking  the  height  of 
the  fluid  in  the  burette.  In  charging  the  burette,  a  solution  is 
poured  in,  not  until  its  surface  is  coiii  cident  witl  0,  but  until  the 
mark  on  the  float  is  coincident  with  0. 


ESTIMATION  OF  ALKALIES  ETC. 

An  equation  represents  much  more  than  the  formation  of  cer- 
tain substances  from  others.  Thus 

2NH,H0  +  H,C,0,,2H,0  =  (NH,),C,0,,  H,0  +  3H,0 

Ammonia.  Crystallized  Oxalate  of  Water, 

oxalic  acid.  ammonium. 

not  only  shows  that  oxalate  of  ammonium  is  produced  when  am- 
monia and  crystallized  oxalic  acid  are  mixed  together,  but,  among 
other  facts,  that  70  parts  of  ammonia  and  126  of  oxalic  acid  yield 
142  of  crystallized  oxalate  of  ammonium  and  54  of  water.  For 
formulae  represent  molecules  ;  the  weight  of  a  molecule  is  the  sum 
of  the  weights  of  its  atoms ;  and  atomic  weights  are  represented 
by  definite  invariable  numbers  (see  the  Table  of  atomic  weights 
in  the  Appendix). 

As  126  parts  (=1  molecule)  of  oxalic  acid  combine  with  70 
parts  (=2  molecules)  of  ammonia,  63  (half  of  126)  of  oxalic 
acid  will  unite  with  35  (  =  1  molecule)  of  ammonia  (JSTH^HO) ; 
63  parts  of  oxalic  acid  will  also  unite  with  56  of  caustic  potash 
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(KHO  =  56),  40  of  caustic  soda  (KaHO  =  40),  100  of  acid  carbo- 
nate of  potassinm  (KHCO^  =  100),  69  of  anhydrous  carbonate 
of  potassium  (K2C03  =  138),  84  of  acid  carbonate  of  sodium 
(]N'aIIC03  =  84),  53  of  anhydrous  carbonate  of  sodium  (I^a.^COg 
=  106),  or  143  of  crystallized  carbonate  of  sodium  (^TaJCO^, 
10H2O=286).  And  if  63  parts  of  oxalic  acid  be  dissolved  in  100 
volumes  of  water,  the  stated  weights  of  these  various  salts  should 
be  exactly  neutralized  by  such  a  solution.  143  parts  of  crystal- 
lized carbonate  of  sodium,  for  instance,  should,  if  pure,  be  exactly 
neutralized  by  the  100  volumes  of  the  oxalic  acid  solution ;  and 
if  a  less  number  of  volumes  is  required,  the  salt  is  so  much  per 
cent,  impure.  143  parts  by  weight  of  a  commercial  sample  of 
carbonate  of  sodium  (common  washing-"  soda")  requiring  only  97 
of  the  standard  oxalic  acid  solution  is  thus  shown  to  contain  97  per 
cent,  of  pure  carbonate  of  sodium,  the  remainder  being  impuri- 
ties, further,  the  strength  of  solutions  of  ammonia,  soda,  potash, 
and  lime  may  be  accurately  determined  by  adding  to  any  definite 
quantity  of  them  gradually,  from  a  burette,  a  solution  containing 
oxalic  acid  in  known  quantity,  until  exact  neutralization  is  ef- 
fected. If  the  quantity  of  oxalic  acid  required  be  63  parts  by  weight 
(or  100  volumes  of  solution  of  oxalic  acid  containing  63  parts,  by 
weight,  of  the  crystals),  then  the  quantities  of  alkaline  solutions 
employed  contain,  of  potash  (KHO)  56  parts  by  weight,  of  soda 
(KaHO)  40,  of  ammonia  (N'H^HO)  35  parts,  of  slaked  lime 
(Ca2H0)  37,  anhydrous  lime  (CaO)  28,  etc.  The  strength  of  an 
alkaline  solution,  or,  in  other  words,  the  proportion  required  to 
effect  neutralization  of  100  volumes  of  the  oxalic  acid  solution, 
having  once  been  determined  and  decided  by  authority  (B.  P. 
e.  (7.),  that  quantity  may  always  be  expected  to  take  100  volumes 
of  the  oxalic  acid  liquid ;  if  less  is  required,  the  alkaline  liquid  is 
so  much  per  cent,  weaker  than  such  official  liquor. 

The  exact  point  of  neutralization  of  aci-d  or  alkaline  liquids  is 
experimentally  ascertained  by  litmus-paper,  or,  more  generally, 
by  the  addition  of  a  little  infusion  of  litmus,  which  is  turned  red 
bj  the  slightest  amount  of  free  acid,  and  blue  by  alkali. 

Standaed  Solution  of  Oxalic  Acid. 
(Crystallized  Oxalic  Acid,  H^C^O^,  2H^O  =  126,) 
On  account  of  the  bivalent  character  of  the  oxalic  radical  and 
the  univalent  character  of  most  of  the  metals  contained  in  the 
salts  which  are  estimated  by  oxalic  acid,  it  is  convenient  to  take 
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half  the  molecular  weight  of  the  acid  for  experiments,  with  the 
whole  of  the  molecular  weights  of  salts  of  univalent  basylous 
radicals.  The  oxalic  acid  must  be  pure,  leaving  no  ash  when  a 
gramme  or  so  is  heated  to  redness  in  a  porcelain  or  platinum 
crucible ;  it  must  also  be  quite  dry,  but  not  effloresced. 

Place  63  grammes  of  the  crystals  in  a  litre  flask,  add  distilled 
water  and  shake  till  dissolved,  diluting  until  the  solution,  at 
about  60°  E.,  has  an  exact  volume  of  1  litre.  Preserve  in  a 
stoppered  bottle. 

100  cubic  centimetres  of  this  solution  contain  ^^jj  of  the  mole- 
cular weight  of  oxalic  acid  in  grammes,  and  will  neutralize  of 
the  molecular  weight  in  grammes  of  a  salt  whose  molecule  contains 
one  atom  of  certain  bivalent  metals  (as  Ca2H0),  or  a  salt  (Na^CO^ 
e.  g.)  containing,  in  one  molecule,  two  atoms  of  univalent  metals,  or 
j'^  of  the  molecular  weight  in  grammes  of  salts  single  molecules  of 
which  contain  one  atom  of  univalent  radicals  (such  as  KIICO3). 

The  following  official  substances  are  tested  with  this  solution : — 


Grammes  of  C.  c.  of 

substance.  vol.  sol. 


*Ammonia,  solution  of   

17-00 

100-0 

„         strong  solution  of.  . 

5-23 

100-0 

5-90 

100-0 

Borax  

19-10 

100-0 

Lead,  acetate  of   

9-50 

50-0 

„    sol.  of  subacetate  of   .  .  .  . 

51-02 

100-0 

Lime,  aqueous  solution  of  .  .  .  . 

438-00 

20-0 

saccharated  sol.  of  

45-30 

25-0 

5-60 

90-0  to  100-0 

„     solution  of  

48-02 

50-0 

„     water,  effervescing  .  .  .  . 

292-00 

100 

*  The  reading  of  the  Table  may  be  amplified  thus  : — 17  Grammes  of  the 
official  Solution  of  Ammonia  {Liqiior  Ammonice,  B.  P.),  carefully  weighed, 
will  require,  for  complete  neutralization,  if  of  full  strength,  100  cubic  cen- 
timetres of  the  official  volumetric  solution  of  oxalic  acid. 

2  D  5 
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Grammes  of 

C.  c.  of 

substance. 

vol.  sol. 

Potassium,  bicarbonate  of  .... 

5-00 

50-0 

„        acid  tartrate  of  ...  . 

18-80 

100-0 

8-30 

= 

98-0  to  100-0 

10-20 

= 

100-0 

„        tartrate  of  

11-30 

= 

100-0 

4-00 

90-0  to  100-0 

„    solution  of  

48-72 

50-0 

246-07 

10-0 

Sodium,  bicarbonate  of   

8-40 

100-0 

„      and  potassium,  tart,  of 

14-10 

100-0 

14-30 

96-0  to  100-0 

Note  1. — The  several  substances  diluted  or  dissolved,  as  de- 
scribed in  the  following  paragraphs,  are  conveniently  placed  in  a 
beaker,  and  the  solution  of  acid  run  in  cautiously  from  the  burette. 

Note  2. — A  smaller  number  of  c.  c.  of  volumetric  solution  than 
100,  and  a  corresponding  amount  of  substance  to  be  tested,  may 
be  employed  in  any  case.  Eut  to  ascertain  percentage  of  impurity 
the  amount  of  substance  corresponding  to  100  c.  c.  of  the  vol.  sol., 
and  a  proportionate  amount  of  the  vol.  sol.  itself  must  be  consi- 
dered to  have  been  used,  the  number  of  c.  c.  then  wanting  to 
make  up  100  represents  the  percentage  of  impurity. 

The  solutions  of  ammonia  require  only  the  addition  of  solution 
of  litmus,  and  the  acid  cautiously  added  until  the  last  drop  turns 
the  liquid  red.  The  amount  of  acid  used  previously  to  the  addi- 
tion of  the  portion  that  reddened  the  litmus  indicates  the  propor- 
tional purity  of  the  alkaline  liquid.  Thus,  if  only  50  c.  c.  are 
required,  the  solution  is  only  half  as  strong  as  it  ought  to  be  ;  if 
93  c.  c.  are  needed,  the  sol.  of  ammonia  is  7  per  cent,  too  weak, 
and  so  on.  The  actual  quantity  of  ammonia  (IN'II^IIO)  or  ammo- 
niacal  gas  (^^Hg)  in  the  solutions  is  readily  ascertained  by  calcu- 
lation thus :  100  c.  c.  of  the  acid  solution  have  been  employed  ; 
these  contain  of  the  molecular  weight  of  oxalic  acid  in  grammes 
=  6*3,  and  have  neutralized  -^-^  of  the  molecular  weight  of  am- 
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monia  in  gramnies=3'5  (or  1*7  of  IN'Hg);  5-23  parts,  by  weight, 
of  strong  solution  of  ammonia  (the  amount  employed  in  the  ex- 
periment) contain,  therefore,  3-5  of  ammonia,  NH^HO,  or  1*7  of 
ammoniacal  gas,  JsTIIg ;  now  if  5*23  parts  of  a  solution  contain 
3*5  of  real  ammonia  (NH^HO),  100  parts  will  contain  (by  rule- 
of-three  calculation)  67,  and  if  the  5*23  contain  1*7  part  of 
ammonia  gas  (J^Hg),  100  will  contain  32*5 ;  hence  the  Strong 
Solution  of  Ammonia,  supposed  to  have  been  under  examination, 
contains  67  per  cent,  of  the  hydrate  or  32*5  per  cent,  of  the  gas*. 
The  formulae  and  molecular  weights  representing  this  process  are 
as  follows : — 


The  carhoncite  of  ammonium  should  be  dissolved  in  30  or  40 
c.  c.  of  distilled  water,  infusion  of  litmus  added,  the  standard 
oxalic  acid  solution  allowed  to  flow  in  until  the  well-stirred  liquid 
assumes  a  purple  hue  (due  to  the  influence  of  carbonic  acid  on 
the  litmus),  the  whole  gently  warmed  to  promote  evolution  of 

^  Extremely  minute  quantities  of  ammonia — 1  part  in  many  milhons  of 
water — may  be  estimated  volumetrically  by  adding  excess  of  a  colourless 
solution  of  red  iodide  of  mercury  (Nessler's  test),  then  in  a  similar  vessel, 
containing  an  equal  amount  of  pure  water  with  excess  of  the  ISTessler  reagent, 
imitating  the  depth  of  yellow  or  reddish -yellow  colour  thus  produced  by 
adding  an  ammoniacal  solution  of  known  strength.  The  amount  of  ammonia 
thus  added  represents  the  amount  in  the  original  liquid. 

The  Nessler  Beagent. — A  litre  may  be  made  by  dissolving  30  or  40  grammes 
of  iodide  of  potassium  in  a  small  quantity  of  h^t  water,  adding  a  strong  hot 
solution  of  perchloride  of  mercury  until  the  precipitate  of  mercuric  iodide 
ceases  to  redissolye  by  the  aid  of  rapid  stirring  and  heat,  slightly  diluting, 
filtering,  adding  a  strong  solution  of  (120  to  140  grammes  of)  caustic  soda  or 
(160  to  180  grammes  of)  caustic  potash,  and  diluting  to  1  litre.  A  few  c.  c, 
(5  or  6  or  more)  of  a  strong  solution  of  perchloride  of  mercury  are  finally 
stirred  in,  the  whole  set  aside  till  all  precipitated  red  iodide  has  deposited, 
and  the  clear  liquid  decanted  for  use.  The  reaction  of  this  Nessler  test  with 
ammonia  is  as  follows : — 


NH3    +    2Hgl2    +   3KH0    =    NHgJ    -f-    SKI    -f  SH^O. 


2ra,H0    (or2NH3)    +    H,C,0^,  2H^0 


— 


70  34  126 
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carbonic  acid  gas,  more  standard  acid  tlien  dropped  in  until  the 
liquid  again  becomes  purple,  beat  once  more  applied,  and  the 
operation  continued  until  the  last  drop  of  acid  turns  the  solution 
red  ;  the  height  of  the  column  of  liquid  in  the  burette  before  the 
last  drop  escapes  represents  the  true  amount  of  standard  solution 
used,  and  hence  the  percentage  of  real  carbonate  of  ammonium 
(of  official  quality)  in  the  specimen  on  which  the  experiment  was 
performed.  The  solution  must  be  heated  with  care,  or  ammonia 
will  escape.  The  commercial  carbonate  of  ammonium  now  com- 
monly met  with  is  more  nearly  a  mixture  of  one  molecule  of  acid 
carbonate  to  one  of  carbamate  of  ammonium  (Divers)  rather  than 
two  of  the  former  to  one  of  the  latter,  as  shown  in  the  British 
Pharmacopoeia;  5*9  grammes  would  therefore  require  more  nearly 
112  or  113  c.  c.  rather  than  100  c.  c.  of  the  standard  solution  of 
oxalic  acid.  (Practised  analysts  usually  add  excess  of  the  standard 
acid  and  thus  fix  every  trace  of  ammonia  ;  then  gently  boil  to  get 
rid  of  carbonic  acid  gas ;  bring  back  the  liquid  to  neutrality  by 
an  observed  volume  of  standard  alkaline  solution,  and  deduct  an 
equivalent  volume  of  acid  from  the  quantity  first  added.)  The 
formulae  and  molecular  weights  representing  the  process  are  as 
follows : — 


236  252 
(vide  p.  92)  (2  molecules) 

or2?T3H^^CA    +  3(H,CA,2H,0) 


314  378 

236    284 

5-9   7-1 

As  252  parts  of  oxalic  acid  neutralize  236  of  the  so-called 
carbonate  of  ammonium,  6*3  of  acid  (or  100  vols,  of  its  solution) 
will  neutralize  5*9  of  carbonate.  If  5-9  grammes  of  carbonate 
be  the  quantity  employed,  and  it  does  not  require  100  c.  c.  of 
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the  volumetric  solution,  it  is  so  mucli  per  cent.  weak.  Thus  if, 
say,  94  c.  c.  neutralize  the  salt,  the  latter  is  6  per  cent,  weak 
(some  ammonia  gas  has  escaped,  and,  consequently,  an  abnormal 
amount  of  acid  carbonate,  NH^lfCOg,  is  present).  Any  smaller 
quantity  of  salt  than  5-9  grammes  may  be  used ;  in  that  case  a 
rule-of-three  sum  must  be  worked  to  show  how  many  c.  c.  of 
vol.  sol.  would  have  been  employed  if  5*9  grammes  had  actually 
been  the  amount  under  experiment. 

The  horax  should  be  dissolved  in  several  ounces  of  distilled 
water.  The  formulae  and  molecular  weights  represcntiDg  the 
process  are  as  follows : — 

SJSTaEO^,  B,03,  lOH^O  ^fiP,->  2H,0 

^-  ^    +    ^  ^---^ 

382  126 

The  solutions  of  the  acetates  of  lead  in  distilled  water  may  be 
rendered  clear  by  the  addition  of  a  few  drops  of  acetic  acid. 
They  must  be  well  stirred  after  each  addition  of  the  solution  of 
oxalic  acid.  The  action  is  complete  when  the  last drop  of  acid 
produces  no  more  precipitate  (oxalate  of  lead). 

Pb2C,H30„  3H,0  H,C,0^,  2H,0 
^  ^  ^    +   ^ 

379  126 

Pb,02C,H30,  2(H,C,0,,  2H3O) 

V  ^  ^        +    ^  ^  > 

548  252 

The  solutions  of  lime  require  similar  treatment. 

Ca2H0   (orCaO)  H.,C,0^,  2H^0 

74  56        ^  126 

Solid  caustic  potash  or  soda  is  never  met  with  in  a  state  of 
chemical  purity,  but  should  contain  not  less  than  90  per  cent, 
of  the  hydrate  of  potassium  or  sodium.  The  standard  acid  is 
added  to  an  aqueous  solution  of  the  hydrate,  the  termination 
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of  the  action  between  the  alkali  and  acid  being  observed  by 
aid  of  litmus. 

If  carbonic  acid  be  present,  the  mixture  must  be  gently  boiled 
before  a  final  reading  of  the  amount  of  acid  added  is  taken. 
2KH0    or^jSTaHO         H^C.O^,  2Hp 

112  80  126 

The  aVcaline  carbonates  are  often  'moist,  and  include  traces  of 
sulphates,  chlorides,  and  silicates,  but  are  sufficiently  pure  if 
containing,  in  the  case  of  carbonate  of  potassium  98  per  cent., 
and  carbonate  of  sodium  96  per  cent.,  of  the  respective  crystal- 
line salts.  The  volumetric  manipulations  with  these  salts  are 
similar  to  those  for  carbonate  of  ammonium.  The  strength  of 
soda-ash  is  often  reported  in  terms  of  "soda" — that  is,  oxide  of 
sodium  ([\si.fl  =  62).  The  old  molecular  weight  of  carbonate 
of  sodium,  54  (it  should  have  been  53),  derived  from  that  of 
"  soda,"  32  (it  should  have  been  31),  is  still  employed  in  Great 
Britain  in  reporting  the  strength  of  soda-ash.  The  true 
amount  of  soda  equivalent  to  54  parts  of  carbonate  is  31*41 
parts.  A  modern  analyst  having  found  the  true  amount  of  soda 
in  a  sample  of  soda-ash  is  expected  by  some  manufacturers'to  re- 
port 31  as  31-41  parts,  or  53  of  carbonate  as  54,  and  other 
quantities  in  proportion  to  these  figures. 


4'  ■ 

V  ^  ^. 


126 

+  H/^p,,2Hp 
138  126 

164^85  126 
2KaHC03       -f    IL^G.fl,,  2Hp 

168  126 
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106  126 
]N"a,C03,  lOH^O    +    H,C,0„  2H,0 

'  .  ^  . 

286  126 
One  molecule  of  tartrate  of  jootassium^  or  two  of  the  acid  tar- 
trate, yields  one  of  carbonate  when  burnt,  two  molecules  of 
citrate  yielding  three  of  carbonate  under  the  same  circumstances. 
Two  molecules  of  the  tartrate  of  sodium  and  potassium  yield  one 
of  potassium  carbonate  and  one  of  sodium  carbonate.  A  volume- 
tric estimation  of  the  amount  of  carbonate  thus  produced  affords 
indirect  means  of  quantitatively  determining  the  purity  of  the 
original  salts. 

K^CAOe/q-  to  H,C,Q„  2H^Q 
226  126 


2KIIC,II,03  eq.  to  H^C^O^,  23,0 

376  126 
2lip^^P^  eq.  to  3(II,C,0,,  211,0) 


612  378 

N"aKC^H^O,,  4H,0  eq.  to  H.C.O,,  211,0) 
^  ^  ^   . 

282  126 
Alkalimetry. — The  foregoing  processes  are  often  spoken  of  as 
those  of  alkalimetry  (the  measurement  of  alkalies). 


Notes, 

Neutral  solution  of  litmus  is  prepared  by  digesting  the  com- 
mercial fragments  in  about  fifteen  or  twenty  times  their  weight 
of  water  for  a  few  hours,  decanting,  dividing  into  two  equal 
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portions^  adding  acid  to  one  till  it  is  faintly  red,  then  pouring  in 
the  other  and  mixing.  The  solution  may  be  kept  in  a  stoppered 
bottle,  but  occasionally  exposed  to  the  air.  It  should  never  be 
filtered,  but  gradually  allowed  to  deposit. 

Standard  sulphuric  acid  may  be  used  in  the  place  of  oxalic 
acid  if  the  latter  cannot  readily  be  obtained  in  a  state  of  purity, 
100  c.  c.  of  the  liquid  containing  -J^  of  the  molecular  weight 
of  the  pure  acid  in  grammes.  It  is  prepared  by  diluting  oil  of 
vitriol  with  from  three  to  four  times  its  bulk  of  distilled  water, 
ascertaining  how  much  of  the  acid  liquid  is  required  to  exactly 
neutralize  -^L  of  the  molecular  weight  of  pure  carbonate  of 
sodium,  taken  in  grammes  (5*3),  and  adding  water  until  the 
observed  volume  of  acid  is  increased  to  100  c.  c.  Pure  anhydrous 
carbonate  of  sodium  (ISTa^COg)  is  obtained  by  heating  the  pure 
bicarbonate  to  dull  redness  in  a  platinum  or  porcelain  crucible 
for  about  a  quarter  of  an  hour.  The  commercial  bicarbonate 
should  be  tested  for  chlorides  and  sulphates,  which  are  usually 
present  in  small  quantities.  Two  or  three  hundred  grammes 
may  be  purified  by  washing  first  with  a  saturated  solution  of 
bicarbonate  of  sodium  and  then  cold  distilled  water  until  all 
trace  of  impurity  has  disappeared,  drying  over  a  water-bath,  and 
then  igniting  to  convert  into  carbonate. 


Other  quantities  of  salts  than  those  stated  in  the  foregoing  and 
following  Tables  may  be  employed  in  volumetric  determinations, 
calculation  giving  any  desired  form  to  the  experimental  results, 
an  expert  analyst  thus  saving  much  time  and  material.  In  the 
case  of  substances  which  are  liable  to  alter  by  exposure  to  air,  it 
is  important  that  a  selected  quantity  should  be  quickly  weighed, 
rather  than  selected  weights  be  accurately  balanced  by  material, 
the  former  operation  occupying  much  the  shorter  time. 

Salts  other  than  the  official  may  be  quantitatively  analyzed  by 
the  volumetric  solutions  of  the  Pharmacopoeia,  slight  modifica- 
tions of  manipulation  even  enabling  the  processes  to  be  adapted 
to  fresh  classes  of  salts.     Ample  instructions  for  extending 
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operations  in  this  manner  will  be  found  in  Sutton's  '  Handbook 
of  Yolumetric  Analysis.' 


QUESTIO^s\S  A^^D  EXEECISES. 

990.  Describe  the  various  pieces  of  apparatus  used  in  volu- 
metric determinations. 

991.  One  hundred  cubic  centimetres  of  solution  of  oxalic  acid 
contain  6-3  grammes  of  the  crystallized  salt ;  what  weights  of 
bicarbonate  of  potassium  and  anhydrous  carbonate  of  sodium  will 
that  volume  saturate  ? — Ans.  10  grammes  and  5*3  grammes. 

992.  What  weight  of  hydrate  of  potassium  is  contained  in 
solution  of  potash  48-02  grammes  of  which  are  saturated  by 
50  c.  c.  of  the  standard  solution  of  oxalic  acid  ? — Ans,  5*83 
per  cent. 

993.  State  the  percentage  of  hydrate  of  calcium  in  lime-water 
438  grammes  of  which  are  neutralized  by  20  c.  c.  of  the  volu- 
metric solution  of  oxalic  acid. — Ans.  0*1689. 

994.  Eight  grammes  of  a  sample  of  Eochelle  salt,  after  igni- 
tion, etc.,  require  54-3  c.  c.  of  the  official  oxalic  acid  solution  for 
complete  saturation ;  what  is  the  centesimal  proportion  of  real 
salt  present? — Ans.  95-7. 


ESTIMATIOI?^  OE  AGIBS. 

In  the  previous  experiments  a  known  amount  of  an  acid  has 
been  used  in  determining  unknown  amounts  of  alkalies.  In 
those  about  to  be  described  a  known  amount  of  an  alkali  is 
employed  in  estimating  unknown  amounts  of  acids.  The  alka- 
line salt  selected  may  be  either  a  hydrate  or  a  carbonate  ;  but  the 
former  is  to  be  preferred  ;  for  the  carbonic  acid  set  free  when  a 
strong  acid  is  added  to  a  carbonate,  interferes  to  some  extent 
with  the  indications  of  alkalinity,  acidity,  or  neutrality  afforded 
by  litmus.  The  alkali  most  convenient  for  use  is  soda,  a  solution 
of  which  has  probably  already  been  made  the  subject  of  experi- 
ment in  operations  with  the  standard  solution  of  oxalic  acid.  It 
should  be  kept  in  a  stoppered  bottle  and  exposed  to  air  as  little 
as  possible. 
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Stand AED  Solution  op  Soda. 
(Hydrate  of  Sodium,  IS'aHO  =  40.) 

100  c.  c.  of  the  standard  solution  of  oxalic  acid  are  placed  in 
a  beaker  with  a  little  litmus,  the  tube  or  burette  in  which  the 
acid  was  measured  rinsed  out,  and  the  washings  poured  into 
the  beaker.  A  little  strong  solution  of  caustic  soda  is  poured 
through  the  burette  to  rinse  out  water  adhering  to  the  tube  and 
float  (these  rinsings  thrown  away),  and  the  tube  then  filled 
to  0  with  more  of  the  alkaline  liquid.  The  solution  of  soda  is 
cautiously  allowed  to  flow  into  the  beaker  until  exact  neutrality 
is  obtained,  the  quantity  noted,  and,  to  every  similar  quantity 
of  the  whole  bulk  of  the  solution  of  soda,  water  added  until  the 
liquid  measures  100  parts.  If,  for  example,  93  c.  c.  of  solution 
of  soda  have  neutralized  the  100  c.  c.  of  acid,  then  7  c.  c.  of 
distilled  water  must  be  added  to  93  c.  c.  of  the  soda  solution,  or 
70  to  930  to  make  a  litre.  A  sum  of  simple  proportion  will 
show  to  what  extent  any  other  quantity  is  to  be  diluted.  Thus, 
if  the  bulk  of  soda  solution  remaining  measures,  say,  900  c.  c, 
its  volume  must  be  augmented  to  967*7  c.  c. ;  for  if  93  are  to  be 
diluted  to  100,  900  must  be  diluted  to  967*7. 

100  c.  c.  of  the  soda  solution  contain  y\y  of  the  molecular 
weight  (  =  4),  taken  in  grammes,  of  pure  hydrate  of  sodium, 
and  will  neutralize  an  equivalent  quantity  of  any  acid.  That  is, 
100  c.  c.  will  neutralize  of  the  molecular  weight  in  grammes 
of  an  acid  whose  molecule  contains  one  atom  of  any  univalent 
acidulous  radical,  -J^  of  the  molecular  weight  in  grammes  of  an 
acid  a  molecule  of  which  contains  one  atom  of  any  bivalent 
acidulous  radical,  or  -^jy  of  the  molecular  weight  in  grammes  of 
an  acid  single  molecules  of  which  contain  one  atom  of  any  triva- 
lent  acidulous  radical. 
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The  following  official  acids  are  tested  witli  this  solution  :- 


citric 


Grammes 

C.  c.  of 

of  substance. 

vol.  sol. 

18-20 

= 

100-0 

70-29 

= 

50-0 

6-00 

= 

99-0 

7-00 

100-0 

11-48 

100-0 

34-50 

= 

100-0 

9-00 

100-0 

36-13 

100-0 

38-30 

100-0 

5-06 

100-0 

36-65 

100-0 

35-90 

100-0 

7-50 

100-0 

Notes. — 1.  In  volumetrically  estimating  the  strength  of  acids 
by  an  alkali,  the  indicator  of  neutrality  is  the  same  as  that  used 
in  testing  alkalies  by  an  acid,  namely  litmus, 

2.  Pure  acetates,  citrates,  tartrates,  and  some  other  organic 
salts  have  an  alkaline  action  on  litmus,  but  not  to  an  important 
extent.  If  the  soda  solution  be  added  to  acetic,  citric,  or  tar- 
taric acid,  containing  litmus,  until  the  liquid  is  fairly  blue,  the 
operator  will  obtain  trustworthy  results.  In  delicate  experiments 
turmeric  may  be  used  instead  of  litmus. 

3.  Six  grammes  of  pure  glacial  acetic  acid  are  neutralized  by 
100  c.  c.  of  the  standard  solution  of  soda.  Eut  acid  of  this  degree 
of  purity  is  extremely  difficult  to  prepare.  The  commercial  acid 
contains  only  1  per  cent,  of  water,  and  is  sufficiently  pure  for  use 
in  medicine. 

Acidimetry. — The  operations  for  the  quantitative  analysis  or 
measurement  of  acids  are  often  collectively  spoken  of  under  the 
name  of  acidimetry.  They  admit  of  considerable  extension.  (See 
the  work  by  Sutton,  previously  cited.) 

Percentage  strength  of  Acids. — The  percentage  strength  of  the 
several  acids  and  their  official  solutions  is  readily  ascertained  by 
calculation  in  a  manner  similar  to  that  given  for  alkalies.  Thus 
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the  volumetric  operation  with  the  liquid  commonly  termed  acetic 
acid  is  based  on  the  reaction  expressed  in  the  following  equation, 


Acetic  acid- 


Soda. 


Acetate  of  sodium. 


Water. 


This  equation,  translated  into  parts  by  weight,  means  that  60 
parts  (the  molecular  weight)  of  true  acetic  acid  are  exactly  neutra- 
lized by  40  parts  (the  molec.  wt.)  of  soda.  Supposing  the  quantity 
of  acetic  acid  "  employed  in  the  experiment  to  have  been  that 
recommended  in  the  Table  (18*2  grammes),  and  that  to  neutra- 
lize it  100  c.  c.  of  the  soda  solution  have  been  used,  and  remem- 
bering that  100  c.  c.  of  the  soda  solution  contain  4  grammes  of 
soda,  it  follows  that  the  18*2  grammes  of  the  liquid  called  acetic 
acid  contain  6  grammes  of  real  acetic  acid ;  for  if  40  (the  molec. 
wt.)  of  soda  neutralize  60  (the  molec.  wt.)  of  real  acetic  acid,  4 
will  neutralize  6.  Lastly,  if  18*2  contain  6, 100  will  contain  33  ; 
the  so-called  acetic  acid  (really  an  aqueous  solution)  contains  33 
per  cent,  of  true  acetic  acid  (HC^HgO^). 

If  the  18*2  grammes  have  taken,  say,  93,  instead  of  100  c.  c, 
the  acid  liquid  is  7  per  cent,  weak  ;  in  other  words,  it  contains 
only  30*7  per  cent,  of  real  acid  ;  for  (by  rule  of  three)  if  100  c.  c. 
added  to  18*2  grammes  indicate  33  per  cent.,  93  c.  c.  added  to 
18*2  grammes  indicate  30-7  per  cent. 

The  remaining  acids  react  with  the  alkaline  salts  in  the  manner 
and  to  the  extent  indicated  by  the  following  formulae  and  mole- 
cular weights  : — 


^  ^  ^ 

210 

HCl  +  KaHO 
40 

+  2NaH0 
80 


120 

HjN'Og  +  liaHO 

63  40 

H  n^H  O,  +  2J^aH0 

2    4     4     6  ' 

150  80 


QUESTIOIs^S  AND  EXERCISES. 

995.  What  percentage  of  real  acid  is  present  in  diluted  sul- 
phuric acid  30  grammes  of  which  are  neutralized  by  84  c.  c.  of 
the  official  volumetric  solution  of  soda? — Ans,  13-72. 
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996.  How  m-Qcli  real  Bitric  acid  is  contained  in  a  solution  36 
grammes  of  which  are  saturated  by  94  c.  c.  of  the  standard  solu- 
tion of  soda? — Ans.  1645  x^er  cent. 


ESTIMATION  OF  ACIDULOUS  EABICALS  PEECIPITATED 
BY  NITRATE  OE  SILVEE. 

The  purity  of  many  salts  and  the  strength  of  their  solutions  may 
be  determined  by  this  process  ;  but  at  present  only  three  official 
substances  (namely,  diluted  hydrocyanic  acid,  bromide  of  potas- 
sium, and  arseniate  of  sodium)  are  quantitatively  analyzed  by 
standard  solution  of  nitrate  of  silver.  The  reactions  on  which 
the  success  of  the  process  depends  are  expressed  in  the  following 
equations  : — 

AgjSTOg  +  2jSraCy =]NraCyAgCy  +  'Nsim, ; 
then  l^aCyAgCy  -j-  AgNO, = 2AgCy  +  'NQ.m^, 
KBr  +  Agj^03 = AgEr + Km,. 
JN-a.HAsO^  4-  3  Ag^^03 = Ag3  AsO^  -{-  21^a.-N0, + UNO,. 

Standaed  Soltjtioi^'  oe  IN^iteate  op  Silvee. 
(Mtrate  of  Silver,  AgNO,  =  170.) 
Dissolve  17  grammes  of  crystals  of  pure  nitrate  of  silver  in 
1  litre  of  water.  100  c.  c.  of  this  solution  contain  yJ-^  of  the 
molecular  weight  in  grammes  of  nitrate  of  silver,  and  will  decom- 
pose an  equivalent  quantity  of  a  salt  of  any  acidulous  radical 
yielding  silver  compounds  insoluble  in  water. 

Grammes  C.  c.  of 

of  substance.  vol.  sol. 

Acid,  hydrocyanic,  diluted                27*00    =  100-0 

Potassium,  bromide  of                      1*19    =  100*0 

Sodium,  arseniate  of  (dry)                   -62    =  100*0 

Diluted  liydrocyanic  acid  is  converted  into  cyanide  of  sodium 
by  adding  caustic  soda  until,  after  stirring,  litmus  shows  that  the 
liquid  has  an  alkaline  reaction.  The  nitrate -of- silver  solution  is 
then  allowed  to  flow  in  gradually  until,  after  thorough  agitation, 
a  slight  permanent  turbidity  remains.    When  this  occurs,  the 
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quantity  of  nitrate  of  silver  added  represents  exactly  half  the 
amount  of  real  hydrocyanic  acid  present  in  the  diluted  prepara- 
tion. Thus  the  100  c.  c.  of  standard  solution  contain  y-J-^  of 
the  molecular  weight,  in  grammes,  of  nitrate  of  silver  (  =  1*7) ; 
this  would  ordinarily  correspond,  in  a  case  of  complete  decom- 
position, to  j^(y  of  the  molecular  weight  in  grammes  of  hydro- 
cyanic acid  (  =  -27)  ;  27  grammes  of  the  diluted  acid,  the  quan- 
tity employed  in  the  experiment,  apparently  contain  therefore 
'27  gramme  of  real  acid,  equal  to  1  per  cent.  A  glance  at 
the  equation  shows  that,  at  the  moment  cyanide  of  silver  begins 
to  be  precipitated,  only  half  of  the  cyanogen  has  been  converted 
into  cyanide  of  silver;  the  quantity  of  acid  indicated  by  the 
amount  of  nitrate  added  must  therefore  be  doubled  for  the  correct 
percentage  (=2). 

211^0  eq.  to  Aglsr03 

54  170 

Bromide  of  potassium  is  dissolved  in  distilled  water  in  a 
beaker,  and  the  standard  solution  added  until,  after  agitation  of 
the  liquid  and  subsidence  of  the  bromide  of  silver,  a  drop  of  the 
solution  of  nitrate  of  silver  gives  no  more  precipitate. 

KBr    +  AgKOg 

119  170 

Arseniate  of  sodium  (JN'a^HAsO^,  7H2O)  must  be  dried  at 
300°  F.  before  weighing.  It  is  thus  reduced  to  a  definite  anhy- 
drous salt  (Fa^HAsOJ,  losing,  if  pure,  40*38  per  cent,  of  water. 
Gf  the  weighed  residue  -62  gramme  is  dissolved  in  distilled  water, 
3*3  c.  c.  of  the  vol.  sol.  of  soda  added,  and  the  whole  treated  as 
described  in  the  previous  paragraph. 

IsTa^HAsO,  +  JN'aHO  -f  SAgm^  =  AggAsO^  +  S^slNO,  +  ¥^fi 
186  510 


VOLUMETRIC  ESTIMATION  OF  IODIDE  OF  POTASSIUM.  623 

Spirit  of  Wine  (Spiritus  Rectificatus,  E.  P.)  may  contain  traces 
of  amy  lie  alcohol  and  aldehjd ;  these  may  be  detected  by  nitrate 
of  silver,  which  is  reduced  by  them  to  the  m^etallic  state.  Any 
quantity  beyond  a  mere  trace  of  such  bodies  renders  spirit  of 
wine  too  impure  for  use  in  medicine.  Four  fluid  ounces  with 
thirty  grain-measures  (about  two  cub.  cent.)  of  the  volumetric 
solution  of  nitrate  of  silver  exposed  for  twenty-four  hours  to 
bright  light,  and  then  decanted  from  the  black  powder  which  has 
formed,  undergoes  no  further  change  when  again  exposed  to 
light  with  more  of  the  test." 

The  Volumetric  Estimation  of  Iodide  of  Potassium. — M.Personne 
has  proposed  a  method  based  upon  the  following  reaction  : — If 
solution  of  perchloride  of  mercury  be  added,  a  little  at  a  time,  to 
a  solution  of  iodide  of  potassium,  chloride  of  potassium  is  formed 
together  with  a  soluble  compound  of  iodide  of  potassium  and  per- 
iodide  of  mercury.  Eut  when  one  half  the  iodide  of  potassium 
has  been  decomposed  by  the  perchloride  of  mercury,  the  smallest 
further  addition  of  that  compound  produces  a  persistent  red  pre- 
cipitate, thus,  4KI  +  HgCl,=2KCl-fHgI^,  2X1.  And  when 
every  molecule  of  the  iodide  has  thus  been  attached,  the  further 
addition  of  the  perchloride  gives  the  permanent  red  precipitate  of 
periodide,  thus,  HgI^2KI+IIgCl,=2HgI^-l-2KCl. 

To  prepare  a  semidecinormal  (p.  633)  test  solution,  13*55 
grammes  of  perchloride  of  mercury  and  8  or  10  grammes  of  chloride 
of  potassium  or  sodium  are  dissolved  in  300  or  400  grammes  of 
distilled  water ;  afterwards  sufficient  water  is  added  to  bring  the 
quantity  up  to  1000  c.  c.  In  another  vessel  33*20  grammes  of  the 
iodide  of  potassium  to  be  tested  are  to  be  dissolved  in  sufficient  dis- 
tilled water  to  form  a  litre  of  solution.  Ten  c.  c.  (see  note,  p.  605) 
of  the  solution  of  iodide  of  potassium  are  then  placed  in  a  glass 
vessel,  and  the  mercurial  solution  is  added  drop  by  drop  from  a 
burette,  graduated  to  tenths  of  a  cubic  centimetre,  the  mixture 
being  continually  shaken.  The  reaction  is  terminated  when  the 
mercurial  solution  produces  a  perceptibly  red  and  persistent  pre- 
cipitate. It  is  only  necessary  then  to  read  off  from  the  burette 
the  number  of  divisions  employed  to  ascertain  the  richness  of  the 
iodide.    (If  pure,  the  10  c.  c.  will  require  10  c.  c.) 

HgCl^  =  271  or  27-1  or  13-55  or  -1355  in  10  c.  c. 
4KI  =664  or   66-4  or  33-20   or   -3320  in  10  c.  c. 

M.  Personne  has  ascertained  that  the  presence  of  carbonate, 
chloride,  or  bromide  of  potassium  is  no  obstacle  to  this  applica- 
tion of  volumetric  analysis. 
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QUESTIOJSrS  AND  EXERCISES. 

997.  Explain  the  volumetric  method  of  estimating  the  strength 
of  aqueous  solutions  of  hydrocyanic  acid. 

998.  How  much  nitrate  of  silver  will  indicate,  by  the  official 
volumetric  process,  the  presence  of  1  part  of  real  hydrocyanic 
acid  ? — Ans,  3-148  parts. 


ESTIMATION  Q¥  SUBSTAITCEB  EEABILY  OXIDIZED. 

Any  deoxidizer  (that  is,  any  substance  which  quickly  absorbs 
a  definite  amount  of  oxygen  or  is  susceptible  of  any  equivalent 
action)  may  be  quantitatively  tested  by  ascertaining  how  much 
of  an  oxidizing  agent  of  known  power  must  be  added  to  a  given 
quantity  before  complete  oxidation  is  effected.  The  oxidizing 
agents  employed  for  this  purpose  in  the  British  Pharmacopoeia 
are  iodine  and  the  red  chromate  of  potassium ;  permanganate 
of  potassium  is  often  used  for  the  same  purpose.  Iodine  acts 
indirectly,  by  taking  hydrogen  from  water  and  liberating  oxygen; 
the  red  chromate  of  potassium  directly,  by  the  facility  with 
which  it  yields  three  sevenths  of  its  oxygen — as  indicated  by  the 
equations  and  statements  given  on  page  628 ;  permanganate  of 
potassium,  by  affording  five  eighths  of  its  oxygen  in  presence  of 
acid, 

2K^MnP3  +  6H,S0,  =  2X^S0,  +  4MnS0,  +  GH^  +  50,. 

StANDAED  SOLTJTIOIT  OF  lODII^^E. 

(Iodine,  1=127.) 
Prepare  pure  iodine  by  mixing  the  commercial  article  with 
about  a  fourth  of  its  weight  of  iodide  of  potassium  and  subli- 
ming. Sublimation  may  be  effected  by  gently  warming  the  mix- 
ture in  a  beaker  the  mouth  of  which  is  closed  by  a  funnel ;  the 
iodine  vapour  condenses  on  the  funnel,  while  fixed  impurities  are 
left  behind,  and  any  chlorine  which  the  iodine  may  contain  is 
absorbed  by  the  iodide  of  potassium,  an  equivalent  quantity  of 
iodine  being  liberated.  Small  quantities  may  be  similarly  treated 
between  two  watch-glasses,  placed  edge  to  edge.    Any  trace  of 
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moisture  in  the  resublimed  iodine  is  removed  by  exposure  for  a  few 
hours  under  a  glass  shade  near  a  vessel  containing  oil  of  vitriol. 

Place  12*7  grammes  of  pure  iodine  and  about  18  grammes  of 
pure  iodide  of  potassium  (an  aqueous  solution  of  which  is  the 
best  solvent  of  iodine — the  salt  plays  no  other  part  in  these 
operations)  in  a  litre  flask,  add  a  small  quantity  of  water,  aiad 
agitate  until  the  iodine  is  dissolved  ;  dilute  to  1  litre.  100  c.  c. 
of  this  solution  contain  J-^j  of  the  molecular  weight  of  free  iodine 
in  grammes,  and,  water  being  present,  will  cause  the  oxidation 
of  Y^-^  of  the  molecular  weight  of  sulphurous  acid  (H^SOg)  in 
grammes  (  =  *41),  or  ^J-^j  (  =  -32)  of  sulphurous  acid  gas  (SOJ, 
sulphuric  acid  being  formed.  100  c.  c.  will  oxidize  -r^^  of  the 
molecular  weight  of  arsenious  acid  (HgAsOg)  in  grammes,  or  ^ J  of 
the  molecular  weight  of  common  white  arsenic  (As^Og)  in  grammes 
(  =  •495),  arsenic  acid  (HgAsO^)  beiDg  produced.  100  c.  c.  will 
also  attack  j^jj  of  the  molecular  weight  of  hyposulphite  of  sodium. 
The  reactions  are  expressed  in  the  following  equations ; — 

I,+2H,0  +      S0,=2HI  H-H^SO,. 
I.+  H,0  +II3As03=2H:I  +H3ASO,. 
2I,  +  5H,0  +   As,03=4HI  +2H3ASO,. 
I, + 2(I^a,S,035H,0) = 2M  +  Na,S,0,  +  lOH^O. 

The  following  official  substances  are  tested  with  the  standard 
solution  of  iodine  : — 

Grammes  of       C.  c.  of 
substance.         vol,  sol. 

Acid,  solution  of  sulphurous                         3-47  =  100 

Arsenic,  in  mass                                         0*495  =  100 

„      in  Silksilme  80I.  (Liquor  Arsenicalis)  54-64,  =  100 

„      in  acid  sol.  (Liq.  Arsen.  Hydrochl.)  54*64  =  100 

Sodium,  hyposulphite  of                              2*48  =  100 

The  solution  of  sulphurous  acid  is  diluted  with  three  fourths 

of  a  litre  of  cold  water,  and  the  iodine  solution  added  until  a 

2  E 
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slight  permanent  brown  tint  is  produced,  showing  the  presence 
of  free  iodine.  A  better  indication  of  the  termination  of  the 
action  is  afforded  by  mucilage  of  starch,  which  gives  a  blue 
colour  with  the  slightest  trace  of  iodine.  As  already  stated, 
100  c.  c.  of  this  volumetric  solution  contain  an  amount  of  free 
iodine  sufficient  to  cause  the  oxidation  of  g-J-^  of  the  molecular 
weight  of  either  sulphurous  acid  or  sulphurous  acid  gas.  ISTow 
of  the  molecular  weight  of  sulphurous  acid  (H^SOg)  in 
grammes  is  0*41 ;  if  3*47  grammes  of  the  solution  contain  0*41 
of  the  acid,  100  of  the  solution  will  be  found  to  contain  11-8. 
By  a  similar  calculation  the  official  solution  may  be  shown  to 
contain,  or,  rather,  yield  9*22  per  cent,  of  sulphurous  acid  gas 
(SOJ. 

If  the  sulphurous  acid  be  diluted  to  a  less  degree  than  -04  or 
•05  per  cent.,  there  will  be  some  risk  of  the  sulphuric  acid  formed 
being  again  reduced  to  sulphurous  acid,  with  liberation  of  iodine. 
In  delicate  experiments  the  distilled  water  used  for  dilution 
should  previously  be  freed  from  air  by  boiling,  to  prevent  the 
small  amount  of  oxidizing  action  which  dissolved  air  would 
exert. 

SO.eq.to  I, 


H,S03  eq.  to  I, 
82  254 


64 


The  solid  arsenic  is  dissolved  in  boiling  water  by  help  of  about 
two  grammes  of  bicarbonate  of  sodium.  When  the  liquid  is 
quite  cold,  mucilage  of  starch  is  added,  and  the  iodine  solution 
allowed  to  flow  in  until,  after  well  stirring,  a  permanent  blue 
colour  is  produced. 


H3As03eq.  to  I, 
126  254 


As,03  eq.  to  21, 
198  508 


The  arsenical  solution  already  containing  some  carbonate  of 
potassium,  requires  only  about  one  and  a  half  gramme  of  bicar- 
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bonate  of  sodium  for  neutralization  of  the  arsenious  acid.  After 
boiling  and  cooling,  starch  and  the  iodine  solution  are  added  as 
before. 

The  solution  of  arsenic  in  dilute  hydrochloric  acid  requires 
about  three  grammes  of  acid  carbonate  of  sodium^  if  54  or  55 
grammes  of  solution  is  the  quantity  employed.  After  boiling  for 
a  few  minutes  and  cooling,  the  starch  and  iodine  are  added. 

These  arsenical  solutions  contain  -9  per  cent,  of  arsenic. 

The  hyposulj)hite  of  sodium  is  dissolved  in  water,  starch  muci- 
lage added,  and  the  iodine  solution  slowly  run  in,  the  whole 
being  frequently  stirred,  until  a  permanent  blue  colour  is  pro- 
duced. 

In  the  previous  reactions  iodine  has  acted  as  an  indirect 
oxidizing  agent  by  uniting  with  the  hydrogen  and  thus  liberating 
the  oxygen  of  water.  In  the  present  case  it  unites  with  an 
analogue  of  hydrogen,  namely  sodium,  a  new  salt  (tetrathionate 
of  sodium)  being  simultaneously  produced. 

I,  +  2(m^S^0.^dB:fi)  =  2NaI  +  I^a,S,0,  +  lOHp. 


questiojS^s  and  exeecises. 

999.  Give  equations  illustrative  of  the  reactions  on  which  the 
use  of  a  standard  volumetric  solution  of  iodine  is  based. 

1000.  Erom  what  point  of  view  may  iodine  be  regarded  as  an 
oxidizing  agent  ? 

1001.  What  reagent  indicates  the  termination  of  the  reaction 
between  deoxidizing  substances  and  moist  iodine  ? 

1002.  How  much  sulphurous  acid  gas  will  cause  the  absorption 
of  2*54  parts  of  iodine  in  the  volumetric  reaction  ? — Ans.  -64. 

1003.  What  quantity  of  iodine  will  be  required,  under  appro- 
priate conditions,  to  oxidize  5  parts  of  arsenic  ? — Ans,  12-828. 

1004.  Eind  by  calculation  the  amount  of  hyposulphite  of 
sodium  which  will  react  with  13  parts  of  iodine  in  volumetric 
analysis. — Ans.  25*389. 
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Standaed  Solutioit  of  Eed  Chromate  op  Potassium. 
(Eed  Chromate  of  Potassium,  K^CrO,,  Cr03=295.) 

One  moleciile  of  red  chromate  of  potassium  in  presence  of  an 
acid,  under  favourable  circumstances,  yields  four  atoms  of  oxygen 
to  the  hydrogen  of  the  acid,  leaving  three  available  either  for 
direct  oxidation  or  for  combination  with  the  hydrogen  of  more 
acid,  an  equivalent  proportion  of  acidulous  radical  being  liberated 
for  any  required  purpose. 

When  used  as  a  volumetric  agent,  the  red  chromate  always 
yields  the  whole  of  its  oxygen  to  the  hydrogen  of  the  accompany- 
ing acid,  a  corresponding  quantity  of  acidulous  radical  being  set 
free — four  sevenths  of  this  radical  immediately  combining  with 
the  potassium  and  chromium  of  the  red  chromate,  three  sevenths 
becoming  available.  Perrons  may  thus  be  converted  into  ferric 
salts  with  sufficient  rapidity  and  exactitude  to  admit  of  the  esti- 
mation of  an  unknown  quantity  of  iron  by  a  known  quantity  of 
the  red  chromate.  As  one  atom  of  the  liberated  acidulous 
radical  will  convert  two  molecules  of  ferrous  into  one  of  ferric 
salt,  one  molecule  of  red  chromate  causes  six  of  ferrous  to  become 
three  of  ferric,  as  shown  in  either  of  the  following  equations  : — 

K,CrO„  Cr03  +  7B:,SO,  +  6PeSO,=K,SO„  Cr,3SO,+7II,0 
+  3(Fe,3SOJ; 

K,CrO„  Cr03  +  14HCl-{-  6PeCl,==2KCl  +  Cr^Cl^  +  7H,0  +  3Pe,Cl,. 

These  equations  indicate  that,  in  presence  of  excess  of  acid, 
295  parts  (the  molecular  weight)  of  red  chromate  of  potas- 
sium will  convert  1668  parts  of  crystallized  ferrous  sulphate, 
6(FeS0^,  TH^O  =  278),  or  an  equivalent  quantity  of  ferrous 
chloride  (6PeCl,  =  762),  ferrous  carbonate  (ePeCOg  =  696),  fer- 
rous arseniate  (2Pe3As20y  =  892),  ferrous  phosphate  (2Pe3P20g  = 
716),  or  iron  itself  (3Pe2  =  336),  into  ferric  salt.  If  these  parts 
be  taken  in  grammes,  ^-^^  or  less  of  the  stated  amounts  will  be 
found  to  be  convenient  quantities  for  experiment. 

Dissolve  14*75  grammes  of  red  chromate  of  potassium  in  one 
litre  of  distilled  water.  100  c.  c.  of  tliis  solution  contain 
of  the  molecular  weight  of  the  salt,  in  grammes,  and  will  cause 
the  conversion  of  ^io"  of  weight  of  6  atoms  of  iron  in 
grammes,  or  an  equivalent  quantity  of  the  lower  salts  of  iron, 
from  the  ferrous  to  the  ferric  state. 
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The  solution  is  used  in  determining  the  strength  of  the  fol- 
lowing official  ferrous  preparations.  It  is  known  that  the 
whole  of  the  ferrous  has  been  converted  to  ferric  salt  when  a 
small  drop  of  the  liquid  placed  in  contact  with  a  drop  of  a  very 
dilute  solution  of  ferridcyanide  of  potassium,  on  a  white  plate, 
ceases  to  strike  a  blue  colour. 


The  several  compounds  are  dissolved  in  excess  of  hydrochloric 
acid  diluted  with  water,  and  the  standard  solution  then  dropped 
in.  The  ferrous  liquid  must  not  be  exposed  to  the  air  for  more 
than  a  few  seconds  after  solution  has  been  effected,  or  oxygen  will 
be  absorbed  and  a  corresponding  amount  of  ferric  salt  formed 
before  the  volumetric  oxidizing  agent  is  added :  in  most  cases 
diluted  sulphuric  acid  may  be  used  as  a  solvent  of  the  ferrous 
salt,  ferrous  sulphate  absorbing  oxygen  from  the  air  far  less 
rapidly  than  ferrous  chloride.  It  will  be  found  that  the  propor- 
tion of  carbonate  of  iron  in  the  saccharated  compound,  as  indi- 
cated by  the  above  numbers,  is  37*0  in  100.  Trade  samples  yield 
from  20  to  30  and  sometimes  35  per  cent.,  according  to  the  care 
with  which  oxidation  has  been  prevented.  The  theoretical  per- 
centage obtainable  from  the  ingredients  is  45*5,  the  quantity  that 
would  be  present  if  the  compound  were  anhydrous  and  unoxi- 
dized,  conditions  never  obtained  in  practice.  The  2  grammes  of 
phosphate  of  iron  should  contain  '895  of  real  ferrous  phosphate 
or  nearly  45  per  cent.  The  magnetic  oxide  of  iron  is  of  official 
quality  if  it  contain  25  per  cent,  of  ferrous  oxide.  Theoretically 
it  should  contain  31  per  cent.  (Fefi^  ==  FeO  +  Pe^g  or  232  =  72 
+  ].60),  but  during  desiccation  in  the  air  some  oxidation  occurs. 


Grammes  of  C.  c.  of 
substance.      vol.  sol. 


Iron,  arseniate  of  

„    magnetic  oxide  of  ..... 

„    phosphate  of  

'  „    saccharated  carbonate  of 


2-94  =  25 

2-00  =  23 

2-00  =  25 

2-00  =  21-3 
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The  use  of  these  two  volumetric  solutions  in  quantitative 
analysis  admits  of  great  extension. 


QUESTIONS  AJSFD  EXERCISES. 

1005.  "Write  equations  explanatory  of  the  oxidizing-power  of 
red  chromate  of  potassium. 

1006.  One  hundred  cubic  centimetres  of  an  aqueous  solution  of 
red  chromate  of  potassium  contain  -^-^-^  of  the  molecular  weight 
of  the  salt  in  grammes ;  with  what  weight  of  metallic  iron,  dis- 
solved in  hydrochloric  acid,  will  this  volume  react  ? — Ans.  1-68 
gramme. 

1007.  If  8-34  grammes  of  impure  crystallized  ferrous  sulphate, 
dissolved  in  acidulated  water,  require  93  c.  c.  of  the  standard 
solution  of  chromate  for  complete  conversion  into  ferric  salt, 
what  percentage  of  ferrous  sulphate  is  present  ? — Ans,  93. 

1008.  How  much  red  chromate  of  potassium  is  required  for  the 
conversion  of  10  parts  of  ferrous  sulphate  into  ferric  salt? — Ans. 
1-768. 

1009.  What  quantity  of  pure  ferrous  carbonate  is  indicated  by 
1*475  part  of  red  chromate  as  applied  in  volumetric  analysis  ? 
—Ans.  3-48. 

1010.  State  the  amount  of  official  saccharated  carbonate  of  iron 
equivalent  to  '7375  part  of  red  chromate  in  the  volumetric  re- 
action.— Ans.  4*7. 


ESTIMATION  OF  SUBSTANCES  EEADILY  DEOXIDIZED. 

Any  substance  which  quickly  yields  a  definite  amount  of 
oxygen  may  be  quantitatively  tested  by  ascertaining  how  much 
of  a  deoxidizing  agent  of  known  power  must  be  added  to  a  given 
quantity  before  complete  deoxidation  is  effected.  The  chief  com- 
pounds which  may  be  used  for  this  absorption  of  oxygen  (deoxi- 
dizers  or  reducing  agents,  as  they  are  commonly  termed)  are  hypo- 
sulphite of  sodium,  sulphurous  acid,  ferrous  sulphate*,  oxalic  acid, 
arsenious  acid.  The  first-named  is  officially  employed ;  it  is  only 
used  in  the  estimation  of  free  iodine,  and,  indirectly,  of  chlorine 
and  chlorinated  compounds.   Iodine  and  chlorine  are  regarded  as 

^  "  Five  grains  of  Permanganate  of  Potassium  dissolved  in  water  require 
for  decoloration  a  solution  of  forty-four  grains  of  granulated  sulphate  of  iron 
acidulated  with  two  fluid  drachms  of  diluted  sulphuric  acid." — B.  P. 
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oxidizing  agents,  because  their  great  affinity  for  hydrogen  enables 
them  to  become  powerful  indirect  oxidizers  in  presence  of  water. 

Standaed  Solutioi^-  of  Hyposulphite  of  Sodium. 

(Crystallized  Hyposulphite  of  Sodium,  Ka,S^03,  5H^O=248.) 

Dissolve  about  30  grammes  of  hyposulphite  of  sodium  in  a  litre 
or  less  of  water.  Pill  a  burette  with  this  solution,  and  allow  it 
to  flow  into  a  beaker  containing  exactly  100  c.  c.  of  the  volume- 
tric solution  of  iodine  until  the  brown  colour  of  the  iodine  is  just 
discharged — or,  starch  being  added,  until  the  blue  iodide  of 
starch  is  decolorized.  ISTote  the  number  of  c.  c.  of  hyposulphite 
solution  required,  and  to  the  bulk  of  the  solution  add  water,  so 
that  2-48  grammes  of  hyposulphite  of  sodium  shall  be  contained 
in  every  100  c.  c. 

When  iodine  and  hyposulphite  of  sodium  react,  two  atoms  of 
iodine  remove  two  of  sodium  from  two  molecules  of  the  hypo- 
sulphite, tetrathionate  of  sodium  being  formed,  as  indicated  in 
the  following  equation  : — 


I,  +  2(Na,S,035H,0)  =  2NaI  +  ^^a^S.O^  +  lOH^O. 


As,  therefore,  100  c.  c.  of  the  iodine  solution  contain  jJq-  of  the 
atomic  weight  of  iodine  in  grammes,  100  c.  c.  of  the  standard 
solution  of  hyposulphite  of  sodium  will  contain  yj-^-  of  the  mole- 
cular weight  of  the  salt  in  grammes,  and  will  show  the  existence 
of  j^jy  of  the  atomic  weight  of  iodine  in  grammes  in  any  quantity 
of  a  liquid  normally  containing  free  iodine,  or  iodine  liberated 
by  an  equivalent  quantity  of  free  chlorine. 

This  solution  is  employed  in  the  British  Pharmacopoeia  for 
quantitatively  testing  the  following  substances : — 


Grammes  of 
substance. 


Chlorine,  solution  of 

Iodine   

Lime,  chlorinated .  .  . 


29-26 
1-27 
147 

6-  00 

7-  00 


„  solution  of  chlorinated 
Soda,  solution  of  chlorinated 
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Note. — Owing  to  the  volatility  of  chlorine  and  iodine,  and  the 
readiness  with  which  they  attack  the  metals  of  which  balances 
are  made,  it  is  not  desirable  to  experiment  on  stated  weights  of 
substances  containing  these  elements.  A  small  stoppered  bottle 
or  tube  containing  the  material  may  be  counterpoised,  and  a  con- 
venient quantity  removed  for  analysis,  the  precise  amount  taken 
being  ascertained  by  again  weighing  the  bottle. 

The  iodine  may  be  dissolved  in  water  containing  about  a 
gramme  and  a  half  of  iodide  of  potassium,  a  salt  giving  no  reac- 
tion with  hyposulphite  of  sodium. 

I,  eq.  to  5H,0) 


254  496 

It  is  assumed  in  this  operation  that  the  iodine  has  been  shown 
by  qualitative  analysis  to  be  free  from  chlorine  and  bromine. 
These  elements  resemble  iodine  in  reacting  with  hyposulphite  of 
sodium,  hence  would  reckon  as  iodine  in  a  volumetric  assay. 

The  solution  of  chlorine  is  added  to  water  containing  excess  of 
iodide  of  potassium  (about  a  gramme  and  a  third) ;  a  quantity  of 
iodine  equivalent  to  the  amount  of  chlorine  present  is  thus 
liberated.    The  hyposulphite  solution  is  then  dropped  in. 

CI,  eq.toJI^a^SA,  ^H^) 

71  496 
The  cJilorinated  lime  ("  chloride  of  lime  "  or  "  bleaching-pow- 
der ")  is  mixed  with  about  a  fifth  of  a  litre  of  water  containing 
excess  of  iodide  of  potassium  (3-5  grms.)  and  acidulated  with 
hydrochloric  acid.  Diluted  sulphuric  acid  would  act  in  a  similar 
manner : — 


H^Cl,  +  CaOCV 
i    I  1  If 


H^SO,  +  CaOCl, 
I    i  1   I  1 


The  chlorine  first  set  free  liberates  an  equivalent  amount  of 
iodine  from  the  iodide  of  potassium,  C1,  +  2KI=2KC1  +  I,.  The 
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hyposulphite  and  iodine  reacting  show  the  value,  or  the  indirect 
oxidizing-power,  of  the  chlorinated  lime  ;  it  should  correspond  to 
30  per  cent,  of  chlorine.  For  example,  as  248  (1  molecule)  of 
hyposulphite  indicate  the  presence  of  35-5  (1  atom)  of  chlorine, 
2-48  of  hyposulphite  (the  quantity  in  100  c.  c.)  indicate  the 
presence  of  -355  of  chlorine.  If  100  c.  c.  have  been  used, 
therefore,  -355  of  chlorine  is  obtainable  from  the  quantity  of 
bleaching-powder  employed  (1*17).  And  if  1-17  of  bleaching- 
powder  yield  '355  of  chlorine,  100  will  yield  about  30  (30| 
nearly). 

The  solution  of  chlorinated  lime  is  mixed  with  about  a  fifth  of 
a  litre  of  water  containing  a  couple  of  grammes  of  iodide  of  po- 
tassium and  ten  or  twelve  c.  c.  of  hydrochloric  acid.  The  hypo- 
sulphite solution  is  then  added  from  a  burette  until  the  colour  of 
the  liberated  iodine  is  just  discharged.  The  solution  of  chlori- 
nated soda  is  similarly  treated. 

Note. — 1.  In  these  experiments  the  blue  colour  formed  on  the 
addition  of  mucilage  of  starch  to  the  liquids  will  be  found  to  be 
a  more  delicate  indicator  of  the  termination  of  reactions  than  the 
brown  tint  of  the  iodine. 

Note, — 2.  Standard  solutions  used  in  volumetric  analysis  are 
often  described  as  normal,  decinormal,  and  centinormal.  A  nor- 
mal solution  (N)  contains  in  every  litre  the  molecular  weight  of 
the  salt,  taken  in  grammes ;  a  decinormal  solution  is  one  tenth 
(j-^),  and  a  centinormal  (yf o)  one  hundredth  the  strength  of 
such  a  normal  solution. 


QUESTIONS  AND  EXEECISES. 

1011.  Eor  what  purposes  is  the  official  volumetric  solution  of 
hyposulphite  of  sodium  used  ? 

1012.  On  what  reaction  is  based  the  quantitative  employment 
of  hyposulphite  of  sodium  ? 

2e  5 
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1013.  How  mucli  hyposulphite  of  sodium  is  required  to  show 
the  presence  of  10  parts  of  iodine? — Ans.  19-527. 

1014.  To  what  amount  of  chlorine  is  4-96  parts  of  hyposulphite 
of  sodium  equivalent  in  volumetric  analysis  ? — Ans,  '71. 

1015.  Describe  the  operations  included  in  the  estimation  of 
the  strength  of  bleaching-powder. 

1016.  By  what  reagent  is  the  complete  absorption  of  free  iodine 
by  hyposulphite  of  sodium  indicated  ? 


MISCELLAJSTEOUS  PROBLEMS. 

1017.  How  much  bicarbonate  of  potassium  is  contained  in  an 
eight-ounce  bottle  of  medicine,  seven  fluid  drachms  of  which  are 
saturated  by  two  and  a  half  grains  of  crystallized  oxalic  acid  ? — 
Ans,  18-1  grains. 

1018.  A  sample  of  soda-ash  is  said  to  contain  78  per  cent,  of 
pure  anhydrous  carbonate  of  sodium  :  if  the  statement  is  true, 
how  much  of  the  official  volumetric  solution  of  oxalic  acid  will 
saturate  5  grammes  of  the  specimen? — Ans.  73*6. 

1019.  2*69  grammes  of  common  brown  sulphuric  acid  are 
saturated  by  43*5  cubic  centimetres  of  the  official  volumetric  so- 
lution of  soda  ;  how  much  acid  of  96-8  per  cent,  is  present? — 
Ans.  The  2-69  contains  2-2. 

1020.  Pour  grammes  of  a  litre  and  a  half  of  concentrated 
hydrocyanic  acid  are  neutralized  by  89  cubic  centimetres  of  volu- 
metric solution  of  nitrate  of  silver  of  official  strength ;  to  what 
volume  must  the  bulk  of  the  acid  be  diluted  for  the  production 
of  acid  of  pharmacopoeial  strength  ? — Ans.  9  litres. 

1021.  3*18  grammes  of  a  powder  containing  arsenic  require 
for  complete  reaction  84  cubic  centimetres  of  a  volumetric  solu- 
tion of  iodine,  which  is  1*43  per  cent,  weaker  than  the  standard 
solution  of  the  British  Pharmacopoeia ;  what  percentage  of  pure 
arsenic  is  contained  in  the  powder  ? — Ans.  12*86. 

1022.  How  much  pure  metal  is  present  in  a  sample  of  iron 
1*68  gramme  of  which,  dissolved  in  dilute  sulphuric  acid,  is 
exactly  attacked  by  95*7  cubic  centimetres  of  a  semidecinormal 
volumetric  solution  of  red  chromate  of  potassium  which  is  -6  per 
cent,  too  strong  ? 
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Outline  of  the  Process. — This  element  is  usually  estimated  in 
the  form  of  double  chloride  of  potassium  and  platinum.  Quali- 
tative analysis  having  proved  the  presence  of  potassium  and  other 
radicals  in  a  substance,  a  small  quantity  of  the  material  is  accu- 
rately weighed,  dissolved,  and  the  other  elements  removed  by 
appropriate  reageots;  the  precipitates  are  well  washed,  in  order 
that  no  trace  of  the  potassium  salt  shall  be  lost,  the  resulting 
liquid  concentrated  over  a  water-bath  (to  avoid  loss  that  would 
occur  mechanically  during  ebullition),  hydrochloric  acid  added  if 
necessary,  solution  of  perchloride  of  platinum  poured  in,  and  eva- 
poration continued  to  dryness  ;  excess  of  the  perchloride  is  then 
dissolved  out  by  adding,  to  the  dried  residue,  spirit  of  wine  con- 
taining half  its  bulk  of  ether  (a  liquid  in  which  the  double  chloride 
is  insoluble),  the  mixture  carefully  poured  on  to  a  tared  and  dried 
filter,  washed  with  the  spirit  till  every  trace  of  free  perchloride  of 
platinum  is  removed,  the  Avhole  dried  and  weighed ;  from  the 
resulting  amount  the  proportion  of  potassium,  or  equivalent  quan- 
tity of  a  salt  of  potassium,  is  ascertained  by  calculation. 

Note. — Erom  this  short  description  it  will  be  seen,  first, 
that  the  chemistry  of  quantitative  is  the  same  as  that  of 
qualitative  analysis ;  and  second,  that  the  principle  of  gra- 
vimetric is  the  same  as  that  of  volumetric  quantitative  ana- 
lysis : — the  combining-proportions  of  substances  being  known, 
unknown  quantities  of  elements  may  be  ascertained  by  cal- 
culation from  known  quantities  of  their  compounds. 

Apparatus. — In  addition  to  a  delicate  balance  and  weights  an 
the  common  utensils,  a  few  special  instruments  are  used  in  quan- 
titative manipulation ;  some  of  these  may  be  prepared  before 
proceeding  with  the  estimation  of  potassium. 

Filtering -paper  may  be  of  the  kind  known  as  Swedish^' — the 
texture  of  which  is  of  the  requisite  degree  of  closeness,  and  its 
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ash  small  in  amount.  A  large  number  of  circular  pieces  of  one 
size,  six  to  eight  centimetres  in  diameter,  should  be  cut  ready 
for  use.  In  delicate  experiments,  where  a  precipitate  on  a  filter 
has  to  be  ignited  and  the  paper  consequently  burnt,  the  weight 
of  the  ash  of  the  filter  must  be  deducted  from  the  weight  of  the 
residue.  The  ash  is  estimated  after  burning  ten  or  twenty  of  the 
cut  filters.  These  are  folded  into  a  small  compass,  a  portion  of 
a  piece  of  platinum  wire  twisted  a  few  times  round  the  packet, 
so  as  to  form  a  cage^  the  whole  held  by  the  free  end  of  the  wire 
over  a  weighed  porcelain  crucible  placed  in  the  centre  of  a  sheet 
of  glazed  paper,  the  bundle  ignited  by  a  spirit-lamp  or  smokeless 
gas-flame,  the  flame  allowed  to  impinge  against  the  charred  mass 
till  it  falls  into  the  crucible  below,  any  stray  fragments  on  the 
sheet  carefully  shaken  into  the  crucible,  the  latter  placed  over  a 
flame  till  carbon  has  all  burnt  ofi^,  and  nothing  but  ash  remains, 
the  whole  cooled,  weighed,  and  the  weight  of  the  crucible  de- 
ducted ;  the  weight  of  the  residue  divided  by  the  number  of  pieces 
used  gives  the  average  amount  of  ash  in  each  filter. 


Pig.  74.  rig.  75. 


A  pair  of  weighing-tubes.  Clamped  watch-glasses  for  weighing. 

Ajpair  of  Weighing -tubes  (fig.  74),  for  holding  dried  filters 
during  operations  at  the  balance,  may  be  made  from  two  test- 
tubes,  one  fitting  closely  within  the  other.  About  five  centi- 
metres of  the  closed  end  of  the  outer  and  seven  of  the  inner  are 
cut  oflp  by  leading  a  crack  round  the  tube  with  a  pencil  of  incan- 
descent charcoal,  and  the  sharp  edges  fused  in  the  blowpipe-flame. 
A  filter,  after  drying,  is  quickly  folded  and  placed  in  the  narrower 
tube,  the  mouth  of  which  is  then  closed  by  the  wider  tube.  This 
prevents  reabsorption  of  moisture  from  the  air.  A  jpair  of  watch- 
glasses ,  having  accurately  ground  edges  and  clamped  as  shown  in 
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figure  75,  also  forms  a  convenient  arrangement  for  weighing 
filters,  etc. 

The  Washing -bottle  (fig.  76),  holding  the  spirit  of  wine  and 
ether ^  is  a  common  flask,  through  the  cork  of  which  -^.^ 
a  short  straight  tube  passes.  The  outer  end  of  the 
tube  should  be  sufiiciently  narrowed  to  enable  it 
to  deliver  a  very  fine  stream  of  the  liquid.  The 
flask  being  inverted,  the  warmth  of  the  hand  ex- 
pands the  air  and  vapour  to  a  sufficient  extent  to 
force  out  the  liquid. 

The  ordinary  Washing -bottle  for  quantitative  operations  should 
be  formed  of  a  flask  in  which  water  may  be  boiled,  fitted  up  as 
usual  (vide  p.  111). 

A  Water-oven  is  the  best  form  of  drying-apparatus.  It  is  a 
small  square  copper  vessel,  jacketed  on  five  sides  and  having  a 
door  on  the  sixth ;  water  is  poured  into  the  space  between  the 
inner  and  outer  casing,  and  the  whole  placed  over  a  gas-lamp  or 
other  source  of  heat,  moist  air  and  steam  escaping  by  appropriate 
apertures.  Desiccation  at  higher  temperatures  than  the  boiling- 
point  of  water  may  be  practised  by  using  oil  or  paraffin  instead 
of  water,  inserting  a  thermometer  in  the  fat.  The  apparatus 
may  be  purchased  of  any  maker  of  chemical  instruments. 

Pure  distilled  water  must  be  used  in  all  quantitative  determi- 
nations. 

Note. — In  practising  the  operations  of  quantitative  ana- 
lysis, experiments  should  at  first  be  conducted  on  definite 
salts  of  known  composition ;  for  the  accuracy  of  results  may 
then  be  tested  by  calculation. 

Estimation  of  Potassium  in  the  form  of  double  chloride  of  jpotas- 
sium  and  j>latinum. — Select  two  or  three  crystals  of  pure  nitrate 
of  potassium,  powder  them  in  a  clean  mortar,  dry  the  powder  by 
gently  heating  in  a  porcelain  crucible  over  a  flame  for  a  few 
seconds,  place  about  a  couple  of  decigrammes  (0-2  grm.)  of  the 
powder  in  a  counterpoised  watch-glass,  accurately  weigh  the 
selected  quantity,  transfer  to  a  small  dish,  letting  water  from  a 
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wash-bottle  flow  over  the  watch-glass,  and  ran  into  the  dish, 
warm  the  dish  till  the  nitrate  is  dissolved,  acidulate  with  hydro- 
chloric acid,  add  excess  of  aqneons  solution  of  perchloride  of  pla- 
tinum (a  quantity  containing  about  0*4  of  solid  salt),  evaporate 
to  dryness  over  a  water-bath.  "While  evaporation  is  going  on, 
place  a  filter  and  the  weighing-tubes  in  the  water-oven,  exposing 
them  to  a  temperature  of  100°  C.  for  about  half  an  hour;  fold 
the  filter  and  insert  it  in  the  tubes,  place  them  on  a  plate  under 
a  glass  shade,  and  when  cold  accurately  note  their  weight.  Ar- 
range the  weighed  filter  in  a  funnel  over  a  beaker.  Transfer  the 
dried  and  cooled  platinum  salt  from  the  dish  to  the  filter  by 
moistening  the  residue  with  the  mixture  of  alcohol  and  ether  and, 
when  the  salt  is  loosened,  pouring  the  contents  of  the  dish  into 
the  paper  cone.  Any  salt  still  adhering  may  be  freed  by  the 
finger,  which,  together  with  the  dish,  should  be  washed  in  the 
stream  of  spirit,  the  rinsings  at  once  flowing  infco  the  filter. 
The  filtrate  should  have  a  yellowish-brown  colour,  due  to  the  ex- 
cess of  perchloride  of  platinum.  If  it  is  colourless,  an  insufficient 
amount  of  perchloride  has  been  added,  and  the  whole  operation 
must  be  repeated.  The  washed  precipitate  and  filter  are  finally 
dried  in  the  water-oven,  folded  and  placed  in  the  weighing-tubes, 
the  drying  continued  until  the  whole,  after  repeated  weighing 
when  cold,  ceases  to  alter ;  the  final  weight  is  noted. 

Note. — If  filters  are  not  freed  from  all  trace  of  acid  by  thorough 
washing,  the  paper  will  be  brittle  when  dry,  falling  to  pieces 
on  being  folded. 

Analytical  memoranda  in  the  note -book  may  have  the  follow- 
ing form : 

Watch-glass  and  substance  

Watch-glass  


Substance . 
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Weighing-tubes,  filter,  and  Pt  salt  .... 
Weighing- tubes  and  filter   

PtCl,,  2e:ci.. 


The  calculations  are  simple  : 

As  I  "^^^^g^^^  I  is  equivalent  to  |  ^^20^^  |  ' 

r  the  weight  of  ] 
so  <  double  chloride  I  is  equivalent  to  .r.    cv  will  be  the  amount 
[      obtained  J 

of  pure  nitrate  of  potassium  in  the  quantity  of  substance  operate 

on.    w  should  in  the  present  instance  be  identical  with  the  weight 

of  substance  taken,  because,  for  educational  purposes,  pure  nitre 

is  under  examination.    Only  after  analyses  of  pure  substances 

have  yielded  the  operator  results  practically  identical  with  those 

by  calculation,  can  analyses  of  substances  of  unknown  degree  of 

purity  be  undertaken  with  confidence.  A  table  of  atomic  weights, 

from  which  to  find  molecular  weights,  is  given  in  the  Appendix. 

Platinum  residues  should  be  preserved,  and  the  metal  recovered 
from  them  from  time  to  time  (vide  p.  275). 

Hot  alcohol  sometimes  reduces  perchloride  of  platinum,  the 
metal  being  thrown  out  of  solution  in  a  finely  divided  form, 
known  as  platinum  hlacJc  ;  only  aqueous  solutions,  therefore,  of 
the  salt  should  be  used  where  heat  is  employed.  Hence,  also, 
in  washing  out  excess  of  perchloride  of  platinum  from  the  double 
chloride  of  platinum  and  potassium  by  spirit,  the  application  of 
heat  should  be  avoided. 

Effervescing  Potash- Water  (Liquor  Potassce  Effervescens^  B.  P.) 
is  most  easily  estimated  volumetrically  (p.  609).  Any  adultera- 
tion by  an  equivalent  amount  of  bicarbonate  of  sodium  would, 
however,  by  that  process  be  undetected ;  hence  the  Pharmaco- 
poeia directs  that  "  five  fluid  ounces,  evaporated  to  one  fifth  and 
12  grains  of  tartaric  acid  added,  yield  a  crystalline  precipitate, 
which  when  dried  weighs  not  less  than  12  grains."  Pive  fluid 
ounces  of  this  preparation  should  contain  7*5  grains  of  bicarbo- 
nate, convertible  into  14*1  grains  of  acid  tartrate  of  potassium  by 
11-25  grains  of  tartaric  acid.    The  method  is  somewhat  rough, 
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but  quite  efficient  for  "  potash-water  "  containing  nothing  but 
bicarbonates  of  alkali-metals. 

Proportional  weights  of  equivalent  quantities  of  potassium  and 
its  salts. 

Metal      78 

Oxide  ("  Potash   K,0   94 

Hydrate  ("  Caustic  Potash  ")  2E:H0   112 

Carbonate  (anhydrous)  ....  K^COg    138 

Carbonate  (crystalline)  ....  K;C0,  +  16%  Aq  164-285 

Eicarbonate   2KHCO3    200 

Nitrate    2X^03   ^02 

Platinum  salt   PtCl,,  2KC1  ....  489 

SODIUM. 

Sodium  is  usually  estimated  as  sulphate.  Accurately  weigh  a 
porcelain  crucible  and  lid,  place  within  about  '3  of  pure  rock- 
salt,  and  again  weigh,  making  a  memorandum  of  the  weights  in 
a  note-book.  Add  rather  more  strong  sulphuric  acid  than  may 
be  considered  sufficient  to  convert  the  chloride  into  acid  sulphate 
of  sodium.  Heat  the  crucible  gradually,  the  flame  being  first 
directed  against  the  side  of  the  crucible  to  avoid  violent  ebulli- 
tion, until  fumes  of  acid  cease  to  be  evolved,  towards  the  end  of 
the  operation  dropping  in  one  or  two  fragments  of  carbonate  of 
ammonium  to  facilitate  complete  expulsion  of  all  excess  of  acid. 
When  cold,  weigh  the  crucible  and  contents.  The  weight  of  the 
crucible  having  been  deducted,  the  amount  of  sulphate  obtained 
should  be  the  exact  equivalent  of  the  quantity  of  chloride  of 
sodium  employed. 

2I^aCl   +  H^SO,  =  IN-a^SO,  +  2HC1. 
117  142 

Proportional  weights  of  equivalent  quantities  of  sodium  and  its 
salts. 

Metal. .   l^a^   46 

Oxide  ("Soda")    J^^a.O   62 


GRAVIMETRIC  ESTIMATION  OF  SODIUM,  AMMONIUM.  641 


Hydrate  ("Caustic  Soda")  S^HO   80 

Carbonate  (anhydrous)  .  .  Na^COg    106 

Carbonate  (crystals)  ....  l^a^COg,  lOH.O  . .  286 

Bicarbonate                      21^aILC0^    168 

Chloride                         2]^aCl    117 

Sulphate  (anhydrous)    .  .  ISTa^SO^    142 

Sulphate  (crystals)    ....  ]^a,SO„  lOH.O  .  .  322 


AMMONIUM. 

Salts  of  ammonium  are,  for  purposes  of  quantitative  analysis, 
generally  converted  into  the  double  chloride  of  ammonium  and 
platinum  (PtC1^2NH^Cl),  the  details  of  manipulation  being  the 
same  as  those  observed  in  the  case  of  potassium.  About  0-15  grm. 
of  pure,  white,  dry  chloride  of  ammonium  may  be  taken  for  ex- 
periment, 

COMPOSITIOIf  OF  THE  PLATIJS'UM  SALT. 


or. 


In  1  molecule. 

In  100  parts. 

Pt 

198 

....  198 

44-30 

Cle  

35-5  X  6 

....  213 

47-64 



14-0  X  2 

....  28 

6-27 



1-0x8 

8 

1-79 

447 

100-00 

PtCl^  . .  . . 

.  340 

....  340 

76-06 

2NH^C1.. 

,  53-5x2 

....  107 

23-94 

447 

100-00 

The  proportion  of  nitrogen,  ammonium,  or  chloride  of  ammo- 
nium in  the  double  chloride  may  also  be  ascertained  from  the 
weight  of  platinum  left  on  igniting  the  double  chloride  :  for 
this  purpose  heat  must  be  applied  slowly,  or  platinum  will  be 
mechanically  carried  off  with  the  gaseous  products  of  decom- 
position. 
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Proportional  weights  of  equivalent  quantities  of  ammoniacal 
compounds. 

Ammonia  (gas)   21^11^   34 

Ammonium    (NHA?  

Chloride  of  ammonium  ....  21^Kfl  .   107 

Platinum  salt    PtCl,,  SM^Cl   ..  447 

Carbonate  of  ammonium"  (]N'^H^3C303)-^2  ..  118 

Sulphate  of  ammonium          (l^HJ^SO^   132 

BAEIUM. 

Barium  is  estimated  in  the  form  of  anhydrous  sulphate  of 
barium  (EaSOJ. 

Process. — Dissolve  0*3  or  0*4  of  pure  crystallized  and  dried 
chloride  or  nitrate  of  barium  in  about  half  a  litre  of  water  in  a 
beaker,  heating  to  incipient  ebullition,  and  slightly  acidulating 
with  hydrochloric  or  nitric  acid.  Add  diluted  sulphuric  acid 
(prepared  some  days  previously,  so  that  sulphate  of  lead  may 
have  deposited)  so  long  as  a  precipitate  forms,  keep  the  mixture 
hot  for  some  time,  set  aside  for  half  an  hour,  pass  the  supernatant 
liquid  through  a  filter,  gently  boil  the  residue  two  or  three  times 
with  more  water;  finally  collect  the  precipitate  on  the  filter, 
removing  adherent  particles  from  the  beaker  by  the  finger,  and 
cleansing  by  a  stream  of  hot  water  from  the  wash-bottle.  The 
precipitate  must  be  washed  with  hot  water  until  the  filtrate 
ceases  to  turn  litmus-paper  red,  or  give  any  cloudiness  when 
tested  with  chloride  of  barium.  The  filter  and  sulphate  of 
barium,  having  thoroughly  drained,  is  dried  in  a  warm  place, 
commonly  by  supporting  the  funnel  in  an  inverted  bottomless 
beaker  over  a  sand-bath  or  hot  plate. 

The  sulphate  of  barium  is  now  removed  from  the  filter,  heated 
to  drive  off  every  trace  of  moisture,  and  weighed.  This  is  accom- 
plished by  placing  a  weighed  porcelain  crucible  (and  cover)  on  a 
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sheet  of  glazed  paper,  holding  the  filter  over  it,  and  carefully 
transferring  the  precipitate ;  the  sides  of  the  filter  are  then  gently 
rubbed  together  and  detached  powder  dropped  into  the  crucible, 
the  paper  folded,  encased  in  two  or  three  coils  of  one  end  of  a 
platinum  wire  and  burnt  over  the  crucible,  ash  and  any  particles 
in  the  sheet  of  paper  dropped  into  the  sulphate  of  barium,  the 
open  crucible  exposed  over  a  flame  till  its  contents  are  quite 
white,  covered,  cooled,  and  weighed. 

•E,  1  Molecular 
Formulae.  ^^-^^^^^ 

Chloride  of  barium   BaCl,    208 

Mtrate  of  barium      261 

Sulphate  of  barium   BaSO^    233 

Composition  of  Sulphate  of  Barium. 

In  1  In  100 

molecule.  parts. 

Ea   137    137    68-80 

S   32    32    13-73 

0,    16x4   64    27-47 


233  100-00 
In  these  educational  experiments  it  is  unnecessary  to  take 
filter-ash  into  account.     Inevitable  mistakes  of  manipulation 
commonly  cause  far  greater  errors. 

CALCIUM. 

Calcium  is  usually  thrown  out  of  solution  in  the  form  of 
oxalate,  the  precipitate  ignited,  and  the  resulting  carbonate 
weighed. 

Process. — Dissolve  0*3  or  0-4  of  dried  colourless  crystals  of 
calc-spar  in  about  a  third  of  a  litre  of  water  acidulated  with 
hydrochloric  acid,  heat  the  solution  to  near  the  boiling-point,  add 
excess  of  solution  of  oxalate  of  ammonium,  then  ammonia  until, 
after  stirring,  the  liquid  smells  strongly  ammouiacal :  set  aside 
in  a  warm  place  for  twelve  hours.    Carefully  pour  off  the  super- 
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natant  liquid,  passing  it  through  a  filter ;  add  hot  water  to  the 
precipitate,  set  aside  for  half  an  hour,  again  decant,  and,  after 
once  more  washing,  transfer  the  precipitate  to  the  filter,  allowing 
all  contained  fluid  to  pass  through  before  a  fresh  portion  is  added. 
Wash  the  precipitate  with  hot  water,  avoiding  a  rapid  stream,  or 
the  precipitate  may  be  driven  through  the  pores  of  the  paper. 
Dry,  transfer  to  a  weighed  crucible,  and  incinerate,  as  described 
for  sulphate  of  barium,  and  slowly  heat  the  precipitate  till  the 
bottom  of  the  crucible  is  just  visibly  red  when  seen  in  the  dark. 
As  soon  as  the  residue  is  white,  or  only  faintly  grey,  remove  the 
lamp,  cool,  and  weigh. 

The  resulting  carbonate  of  calcium  should  have  the  same 
weight  as  the  calc-spar  from  which  it  was  obtained.  If  loss  has 
occurred,  carbonic  acid  gas  has  probably  escaped.  In  that  case 
moisten  the  residue  with  water,  and  after  a  few  minutes  test  the 
liquid  with  red  litmus  or  turmeric  paper ;  if  an  alkaline  reaction 
is  noticed,  it  is  due  to  the  presence  of  caustic  lime.  Add  a  small 
lump  of  carbonate  of  ammonium,  evaporate  to  dryness  over  a 
water-bath,  and  again  ignite,  this  time  being  careful  not  to  go 
beyond  the  prescribed  temperature.  The  treatment  may,  if 
necessary,  be  repeated. 

Proportional  weigJits  of  equivalent  quantities  of  Calcium  and 
its  Salts. 

Metal   Ca   40 

Oxide  (quicklime) ....  CaO    56 

Hydrate  (slaked  lime)  Ca2H0    74 

Carbonate   CaCOg   100 

Sulphate  (anhydrous)  .  CaSO^   136 

Sulphate  (crystalline  or 

precipitated)   CaSO,,  2H^0   172 

Chloride    CaCl^   Ill 

Phosphate  (of  bones)..  (Ca32P0,)  ..310-3  103-3 
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MAGNESIUM. 

Process  1. — The  light  or  heavy  carbonate  of  magnesium  of  phar- 
macy may  be  estimated  by  heating  a  weighed  quantity  to  redness 
in  a  porcelain  crucible.  If  it  has  the  composition  indicated  by  the 
formula  given  in  the  British  Pharmacopoeia  (SMgCOg,  Mg2H0), 
4H2O),  it  will  yield  42  per  cent,  of  magnesia  (MgO).  According 
to  that  work,  the  purity  of  even  sulphate  of  magnesium  (MgSO^, 
TH^O)  may  be  determined  by  boiling  a  weighed  quantity  with 
excess  of  carbonate  of  sodium,  collecting  the  precipitate,  washing, 
drying,  igniting,  and  weighing  the  resulting  magnesia  (MgO). 
The  crystallized  sulphate  should  afford  16-26  per  cent,  of  oxide. 
The  official  solution  of  carbonate  of  magnesium  in  carbonic  acid 
water  (Liquor  Magnesice  Carhonatis,  E.  P.)  should  yield  five  grains 
of  pure  oxide  of  magnesium  per  fluid  ounce. 

Process  2. — The  general  form  in  which  magnesium  is  precipi- 
tated is  as  phosphate  of  ammonium  and  magnesium  (MglNH^PO^, 
6H2O) ;  this,  by  heat,  is  converted  into  pyrophosphate  of  mag- 
nesium (Kg^'Pfi^).  Accurately  weigh  a  small  quantity  (0*4  to 
0*5)  of  pure  dry  crystals  of  sulphate  of  magnesium,  dissolve  in 
two  to  three  hundred  cubic  centimetres  of  cold  water  in  a  beaker, 
add  chloride  of  ammonium^  ammonia,  and  phosphate  of  sodium 
or  ammonium,  agitate  with  a  glass  rod  (without  touching  the 
sides  of  the  vessel,  or  crystals  will  firmly  adhere  to  the  rubbed 
portions),  and  set  aside  for  twelve  hours.  Collect  on  a  filter, 
wash  the  precipitate  with  water  containing  a  tenth  of  its  volume 
of  the  strongest  solution  of  ammonia,  until  the  filtrate  ceases  to 
give  a  precipitate  with  an  acidulated  solution  of  nitrate  of  silver. 
Dry,  transfer  to  a  crucible,  burn  the  filter  in  the  usual  way,  heat 
slowly  to  redness,  cool,  and  weigh. 


Proportional  weights  of  equivalent  quantities  of  magnesium  salts. 
Pyrophosphate  %2^2^7  •  •  •  •  
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Sulphate   2(MgS0„  7H,0)   492 

Oxide    2(MgO)   .   80 

Official  carbonate..  (3MgC03,  Mg2B:0,  4H,0)-^2  191 

ZINC. 

Zinc  is  usually  estimated  as  oxide  (ZnO),  occasionally  as  sul- 
phide (ZnS), 

Process, — Dissolve  a  weighed  quantity  (0*5  to  0*6)  of  sulphate 
of  zinc  in  about  half  a  litre  of  water  in  a  beaker,  heat  to  near 
the  boiling-point,  add  carbonate  of  sodium  in  slight  excess,  boil, 
set  aside  for  a  short  time ;  pass  the  supernatant  liquid  through  a 
filter,  gently  boil  the  precipitate  with  more  water,  again  decant ; 
repeat  these  operations  two  or  three  times ;  collect  the  preci- 
pitate on  the  filter,  wash,  dry,  transfer  to  a  crucible,  incinerate, 
ignite,  cool,  and  weigh.  287  (=molec.  weight)  of  sulphate 
should  yield  81  (=molec.  weight)  of  oxide. 

To  ascertain  its  value  for  evolving  chlorine  from  hydrochloric 
acid,  a  weighed  quantity  of  finely  powdered  black  oxide  of  man- 
Fig.  77. 


ganese  is  heated  in  a  small  flask  with  pure  hydrochloric  acid,  and 
the  resulting  chlorine  conveyed  into  a  U-tube  containing  solution 
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of  iodide  of  potassium.  The  amount  of  iodine  thus  freed  is  esti- 
mated by  the  volumetric  solution  of  hyposulphite  of  sodium. 
127  of  iodine  indicate  35*5  of  chlorine. 

Manganese  may  also  be  estimated  by  the  reaction  and  appa- 
ratus described  under  "  Oxalates/'  page  666. 


Aluminium  is  always  precipitated  as  hydrate  (Al,^6110)  and 
weighed  as  oxide  (AI2O3). 

Process. — Dissolve  about  two  grammes  of  pure  dry  ammonium- 
alum  in  half  a  litre  of  water,  heat  the  solution,  add  chloride  of 
ammonium  and  a  slight  excess  of  ammonia,  boil  gently  till  the 
odour  of  ammonia  has  nearly  disappeared,  set  aside  for  the 
hydrate  to  deposit,  pass  the  supernatant  liquid  through  a  filter, 
wash  the  precipitate  three  or  four  times  by  decantation,  transfer 
to  the  filter,  finish  the  washing,  dry,  burn  the  filter,  ignite  in  a 
covered  crucible,  and  weigh. 


Per  cent,  of  Alfi^  yielded  by  ammonium-alum  .  .  11*356 


1023.  Give  details  of  the  manipulations  observed  in  gravime- 
trically  estimating  salts  of  potassium  or  ammonium. 

1024.  What  quantity  of  chloride  of  sodium  is  contained  in  a 
sample  of  rock-salt  0*351  gramme  of  which  yields  0-426  of  sul- 
phate of  sodium  ? — Ans.  100  per  cent.    (It  is  absolutely  pure.) 

1025.  To  what  amount  of  the  ofiicial  alum  is  0*894  of  a  gramme 
of  the  double  chloride  of  platinum  and  ammonium  equivalent  ? 
— Ans,  1*814  gramme. 

1026.  Pind  the  weight  of  sulphate  of  barium  obtainable  from 
0*522  of  nitrate.— ^ns.  0*466. 

1027.  Describe  the  usual  method  by  which  salts  of  calcium  are 
estimated. 


ALUMINIUM. 


A1,3S0,,  (NHJ,S0,,24B:,0 
AI.O3  


907 
103 


QUESTIOJ^^S  AND  EXEECISES. 
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1028.  By  what  quantitative  processes  may  the  official  salts  of 
magnesium  be  analyzed  ? 

1029.  Calculate  the  proportion  of  pure  sulphate  of  zinc  in  a 
sample  of  crystals  0*574  of  which  yield  0-161  of  oxide. — A^is. 
99-3  per  cent. 

1030.  Ascertain  the  weight  of  alumina  (Al^Og)  which  should  be 
obtained  from  1-814  gramme  of  ammonium- alum. 


lEON. 

Iron  and  its  salts  are  gravimetrically  estimated  in  the  form  of 
ferric  oxide  (Fe^Og). 

Compounds  containing  organic  acidulous  radicals  are  simply 
incinerated,  and  the  resulting  oxide  weighed.  Thus  1  gramme 
of  the  official  citrate  of  iron  and  ammonium  (Ferri  et  Ammoniac 
Citras,  B.  P.)  incinerated,  with  exposure  to  air,  leaves  not  less 
than  -27  of  ferric  oxide.  A  small  quantity  of  the  salt  is  weighed 
in  a  tared  covered  porcelain  crucible,  flame  cautiously  applied 
until  vapours  cease  to  be  evolved,  the  lid  then  removed,  the 
crucible  slightly  inclined  and  exposed  to  a  red  heat  until  all 
carbonaceous  matter  has  disappeared.  The  residual  ferric  oxide 
is  then  weighed.  The  tartrate  of  potassium  and  iron  {Ferrum 
Tartaratum,  B.  P.)  is  treated  in  the  same  manner,  except  that  the 
ash  must  be  washed  and  again  heated  before  weighing,  in  order 
to  remove  carbonate  of  potassium  produced  during  incineration ; 
5  grammes  should  yield  1*5  gramme  of  ferric  oxide. 

From  other  compounds  of  iron,  soluble  in  water  or  acid,  the 
metal  is  precipitated  in  the  form  of  hydrate  (Pe^OHO)  by  solu- 
tion of  ammonia,  and  converted  into  oxide  (Pe^Og)  by  ignition. 
Dissolve  a  piece  (about  0-2)  of  the  purest  iron  obtainable  (piano- 
wire),  accurately  weighed,  in  water  acidulated  with  hydrochloric 
acid ;  add  a  few  drops  of  nitric  acid  and  gently  boil ;  pour  in 
excess  of  ammonia,  stir,  set  aside  till  the  ferric  hydrate  has 
deposited,  pass  the  supernatant  liquid  through  a  filter,  treat  the 
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precipitate  three  or  four  times  with  boiling  water ;  transfer  to 
the  filter^  wash  till  the  filtrate  yields  no  trace  of  chlorine  (for 
chloride  of  ammonium  will  decompose  ignited  ferric  oxide,  with 
volatilization  of  ferric  chloride),  dry,  and  ignite  as  usual,  and 
weigh.  Iron  in  the  official  solutions  {Liquor  Ferri  Ferchloridi 
Fortior^  Liquor  Ferri  Pernitratis,  and  Liquor  Ferri  Persulphatis) 
is  estimated  by  this  general  process. 

The  ^proportion  of  metallic  iron  in  a  mixture  of  iron  and  oxides 
of  iron  may  be  determined  by  digestion  in  a  strong  solution  of 
iodine  in  iodide  of  potassium,  which  attacks  the  metal  only.  The 
reduced  iron  of  pharmacy  {Ferrum  Feclacium,  B.  P.)  is  in  good 
condition  so  long  as  it  contains,  as  shown  by  this  method,  half  its 
weight  of  free  metal. 

Proportional  weights  of  equivalent  quantities  of  iron  and  its  salts. 


Metal   ... 

'   

112 

Perric  oxide  

.  ^%o^  •  

160 

Ferric  hydrate  . .  . 

.  Pe^6H0   . 

214 

Perric  chloride  .  .  . 

.  ^%(^\  

325 

Perric  sulphate  .  .  . 

.  Pe^SSO^   . 

400 

Ferrous  sulphate 

.  2(PeS0,,  7H,0)  .. 

..  556 

AESENICUM. 

Arsenic  (As^Og)  is  usually  estimated  volametrically  (vide 
p.  625).  "With  certain  precautions  arsenicum  may  also  be  preci- 
pitated and  weighed  as  sulphide  (As^Sg). 

Process. — The  pure,  white,  massive  arsenic  (about  0-2)  is  dis- 
solved in  a  fiask  in  a  small  quantity  of  water  containing  bicar- 
bonate of  sodium  or  potassium,  the  liquid  being  heated.  A  slight 
excess  of  hydrochloric  acid  is  then  added,  and  sulphuretted 
hydrogen  gas  passed  through  the  solution  so  long  as  a  precipitate 

falls,  the  mouth  of  the  flask  being  stopped  by  a  plug  of  cotton- 

2^ 
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wool  (to  prevent  undue  access  of  air  and  consequent  decomposi- 
tion of  the  gas,  resulting  in  precipitation  of  sulphur).  The  mix- 
ture is  warmed  in  the  flask  and  carbonic  acid  gas  passed  through 
it  until  the  odour  of  sulphuretted  hydrogen  has  nearly  disappeared; 
the  precipitate  is  collected  on  a  tared  filter,  washed  as  quickly  as 
possible  with  hot  water  containing  a  little  sulphuretted  hydrogen, 
dried  in  a  water-oven  and  weighed.  198  parts  of  arsenic  should 
yield  246  of  sulphide  of  arsenicum. 

ANTIMOl^Y. 

The  metal  is  precipitated  in  the  form  of  sulphide  (Sb^Sg),  with 
the  precautions  observed  in  estimating  arsenicum — a  small  quan- 
tity of  tartaric  acid,  as  well  as  hydrochloric,  being  added,  to  pre- 
vent the  precipitation  of  an  oxysalt.  If  the  sulphuretted  hydro- 
gen be  passed  through  a  hot  solution,  the  particles  of  precipitate 
aggregate  better  and  the  latter  may  be  more  quickly  filtered  out 
and  washed.  The  experiment  may  be  performed  on  about  half  a 
gramme  of  pure  tartar-emetic :  the  salt  should  yield  nearly  half 
its  weight  (49-56  per  cent.)  of  sulphide.  According  to  Presenius, 
the  sulphide  dried  at  100°  C.  still  contains  2  per  cent,  of  water, 
and  must  be  heated  in  a  current  of  carbonic  acid  gas,  until  it 
turns  from  an  orange  to  a  black  colour,  before  all  moisture  is 
expelled.  In  the  British  Pharmacopoeia  the  purity  of  tartar- 
emetic  (Antimonium  Tartar atum),  and  the  strength  of  solution  of 
chloride  of  antimony  {Liquor  Antimonii  CJiloridi),  are  deter- 
mined by  the  above  process. 

COPPEE, 

Copper  is  precipitated  from  its  solutions  and  weighed  either  (1) 
as  metal  (Cu^),  or  (2)  as  oxide  (CuO). 

Process  1. — Dissolve  about  half  a  gramme  of  dry  crystallized 
sulphate  of  copper  in  a  small  quantity  of  water,  in  a  tared  por- 
celain crucible  or  beaker,  acidulate  with  hydrochloric  acid,  intro- 


GRAVIMETEIC  ESTIMATION  OF  COPPER^  BISMUTH.  651 

duce  a  fragment  or  two  of  pure  zinc,  cover  the  vessel  with  a 
watch-glass,  and  set  aside  till  evolution  of  hydrogen  has  ceased 
and  the  still  acid  liquid  is  colourless.  The  copper  is  then  washed 
with  hot  water  by  decantation  until  no  trace  of  acid  remains,  the 
precipitate  drained,  rinsed  with  strong  spirit  of  wine,  dried  in  the 
water- oven,  and  weighed. 

Process  2. — About  three  fourths  of  a  gramme  of  sulphate  of 
copper  is  accurately  weighed,  dissolved  in  half  a  litre  of  water^ 
the  liquid  boiled ;  dilute  solution  of  potash  or  soda  is  then  added 
till  no  more  precipitate  falls,  ebullition  continued  for  a  short 
time,  and  the  beaker  set  aside;  the  supernatant  liquid  is  de- 
canted, the  precipitate  boiled  with  water  twice  or  thrice,  collected 
on  a  filter,  washed,  dried,  transferred  to  a  crucible,  the  filter 
incinerated,  and  its  ash  moistened  with  a  drop  of  nitric  acid ;  the 
whole  is  finally  heated  strongly,  cooled,  and  weighed. 

249-5  parts  of  sulphate  of  copper  yield  79-5  of  oxide,  or  63-5 
of  metal. 

BISMUTH. 

Dissolve  0*3  or  0*4  of  pure  oxycarbonate  of  bismuth  (2'Bifi,p0^y 
H^O)  (Bismuthi  Carhonas,  B.  P.)  in  a  small  quantity  of  hydro- 
chloric acid,  dilute  with  water  slightly  acidulated  by  hydrochloric 
acid,  pass  excess  of  sulphuretted  hydrogen  through  the  liquid, 
collect  the  precipitate  on  a  tared  filter,  wash,  dry  at  100°  C,  and 
weigh.  The  sulphide  must  not  be  exposed  too  long  in  the  water- 
oven,  or  it  will  increase  in  weight  owing  to  absorption  of  oxygen ; 
hence  it  should  be  tested  in  the  balance  every  half -hour  during 
desiccation.  517  of  oxycarbonate  should  yield  512  of  sulphide 
(BigSg).  The  strength  of  the  ofiicial  solution  of  citrate  of  bis- 
muth and  ammonium  (Liquor  BismutJii  et  Ammonice  Citratis,  B.  P.) 
is  determined  by  this  process.  Three  fluid  drachms  of  the  solu- 
tion, mixed  with  an  ounce  of  distilled  water,  and  treated  with 

sulphuretted  hydrogen  in  excess,  yield  a  black  precipitate,  which, 

2p2 
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collected,  washed,  and  dried,  weighs  9-92  grains.  One  fluid 
drachm  yields  three  grains  of  oxide  of  bismuth."  The  atomic 
weight  of  bismuth  is  208. 

MEHGUEY. 

This  element  may  be  (1)  isolated  and  estimated  in  the  form 
of  metal,  or  precipitated  and  weighed  as  (2)  mercurous  chloride, 
or  (3)  mercuric  sulphide. 

Process  I. — The  process  by  which  the  metal  itself  is  separated 
is  one  of  distillation,  into  a  bulb  surrounded  by  water.  About 
half  a  metre  of  the  difficultly  fusible  German  glass  known  as 
comhustion-tubing  is  sealed  at  one  end  after  the  manner  of  a 


rigs.  78,  79,  80. 


test-tube  (fig.  78) ;  a  mixture  of  bicarbonate  of  sodium  and  dry 
chalk  is  then  dropped  into  the  tube  to  the  height  of  two  or  three 
centimetres,  and,  next,  several  small  fragments  of  quicklime  so  as 
to  occupy  another  centimetre ;  a  mixture  of  about  a  gramme  of 
pure  calomel  or  corrosive  sublimate  with  enough  powdered  quick- 
lime to  occupy  10  or  12  centimetres  of  the  tube  is  added,  then 
the  lime-rinsings  of  the  mixing-mortar,  a  layer  of  a  few  centi- 
metres of  powdered  quicklime,  and  finally  a  plug  of  asbestos  (a 
fibrous  mineral  unaffected  by  heat).  The  whole  powder  should 
occupy  two  thirds  of  the  length  of  the  tube.  The  part  of  the 
tube  just  above  the  asbestos  is  now  softened  in  the  blowpipe- 
flame  and  drawn  out  about  a  decimetre  to  the  diameter  of  a 
narrow  quill  (fig. 79) ;  again  drawn  out  to  the  same  extent  at  a 
point  two  or  three  centimetres  nearer  the  mouth  (fig.  79),  and  any 
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excess  of  tubing  cut  off.  The  bulb  thus  formed  may  be  enlarged 
by  softening  and  blowing.  The  tube  is  next  softened  at  a  point 
close  to  but  anterior  to  the  asbestos,  and  bent  to  form  an  obtuse 
angle ;  the  tube  is  then  softened  close  to  the  bulb  and  slightly 
bent  so  that  the  bulb  may  be  parallel  with  the  large  tube ;  then 
softened  on  the  other  side  of  the  bulb,  and  the  terminal  tube  bent 
to  an  obtuse  angle,  so  that,  the  tube  being  held  in  a  horizontal 
position,  the  bulb  may  be  sunk  in  water,  and  the  terminal  tube 
point  upwards  (fig.  80).  The  long  tube  is  now  laid  in  the  gas- 
furnace  found  in  most  laboratories  (fig.  81),  a  basin  so  placed  that 
the  bulb  of  the  apparatus  may  be  cooled  by  being  surrounded  by 
water,  the  part  of  the  tube  occupied  by  asbestos  heated  to  redness, 
and  the  flame  slowly  lengthened  until  the  whole  tube  is  red-hot. 


Fig.  81. 


Distillation  of  mercury  for  quantitative  purposes. 


Under  the  circumstances  just  described  the  mercurial  compound 
volatilizes,  is  decomposed  by  the  lime,  and  its  acidulous  radical 
fixed,  the  mercury  carried  in  vapour  to  and  condensed  in  the  bulb, 
the  carbonic  acid  gas  evolved  from  the  bicarbonate  of  sodium  and 
chalk  washing  out  the  last  portions  of  mercury-vapour  from  the 
tube.  "When  the  distillation  is  considered  to  be  complete,  the 
dish  of  water  is  removed,  the  bulb  dried,  and  then  detached  by 
help  of  a  file  at  a  point  beyond  any  sublimate  of  mercury.  The 
bulb  is  lastly  weighed,  the  mercury  shaken,  or  dissolved  out,  and 
the  tube  again  dried  and  weighed. 
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Process  2. — The  process  by  wliicli  mercury  is  separated  in  the 
form  of  calomel^  consists  in  adding  hydrochloric  and  phosphorous 
acids  (vide  page  392)  to  an  aqueous  or  even  acid  solution  of  a 
weighed  quantity  of  the  mercurial  compound,  setting  the  mix- 
ture aside  for  twelve  hours,  collecting  the  precipitate  on  a  tared 
filter,  washing,  drying  at  100°  C,  and  weighing  (Eose).  The 
experiment  may  be  tried  on  half  a  gramme,  to  a  gramme,  of  cor- 
rosive sublimate. 

Process  3. — Two  or  three  decigrammes  of  corrosive  sublimate 
are  dissolved  in  water,  the  solution  acidulated  with  hydrochloric 
acid,  excess  of  sulphuretted  hydrogen  passed  through  it,  the  pre- 
cipitate collected  on  a  tared  filter,  washed  with  cold  water,  dried 
at  100°  C,  and  weighed. 

Projyortional  lueiglits  of  equivalent  quantities  of  mercury  and 
its  salts. 

Metal    Hg   200 

Mercurous  chloride  .  .  HgCl   235*5 

Mercuric  chloride    . .  HgCl^    271 

Mercuric  sulphide  . .  HgS    232 

LEAD. 

Lead  is  generally  estimated  either  as  (1)  oxide,  (2)  sulphate, 
or  (3)  chromate. 

Process  1. — Weigh  out  one  or  two  grammes  of  pure  acetate  of 
lead  in  a  covered  crucible,  previously  tared,  and  heat  slowly 
until  no  more  vapours  are  evolved.  Eemove  the  lid,  stir  down 
the  carbonaceous  mass  with  a  clean  iron  wire,  and  keep  the 
crucible  in  the  flame  so  long  as  any  carbon  remains  unconsumed. 
Introduce  some  fragments  of  fused  nitrate  of  ammonium,  and 
again  ignite  until  no  metallic  lead  remains,  and  all  excess  of  the 
nitrate  has  been  decomposed.  Cool  and  weigh  the  resulting 
oxide  (PbO). 
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Process  2. — Dissolve  0*4  or  0*5  of  a  gramme  of  acetate  of  lead 
in  a  small  quantity  of  water,  drop  in  diluted  sulphuric  acid,  add 
to  the  mixture  twice  its  bulk  of  methylated  spirit  of  wine,  and 
set  aside.  Decant  the  supernatant  liquid,  collect  the  sulphate  on 
a  filter,  wash  with  spirit,  dry,  transfer  to  a  porcelain  crucible, 
removing  as  much  of  the  sulphate  as  possible  from  the  paper, 
incinerate  on  the  crucible-lid  (not  in  a  platinum  coil,  for  the 
particles  of  reduced  lead  would  unite  with  the  platinum  by 
fusion),  ignite,  cool,  and  weigh. 

Process  3. — About  half  a  gramme  of  acetate  of  lead  is  dissolved 
in  two  or  three  hundred  c.  c.  of  water,  acetic  acid  added,  and  then 
solution  of  red  chromate  of  potassium.  Collect  the  precipitate  on 
a  tared  filter,  wash,  dry  at  100°  C,  and  weigh. 


Molecular  lueiglits  of  salts  of  lead. 


Metal   . . 
Acetate . , 
Oxide   . . 
Sulphate 
Chromate 


Pb    207 

Pb2C,H30^,  3H,0  ....  379 

PbO   223 

PbSO^   303 

PbCrO,    323-5 


SILVER. 

Compounds  of  silver  which  are  readily  decomposed  by  heat  are 
estimated  in  the  form  of  (1)  metal,  others  usually  as  (2)  chloride 
(AgCl),  but  sometimes  as  (3)  cyanide  (AgCN). 

Process  1. — Heat  about  a  gramme  of  oxide  of  silver  (Ag^O)  in 
a  tared  crucible,  cool  and  weigh.  232  of  oxide  yield  216  of 
metal.  "29  grains  heated  to  redness  yield  27  grains  of  metallic 
silver." — Brit,  PJiarm. 

Process  2. — Dissolve  0*1:  or  0*5  of  pure  dry  crystals  of  nitrate 
of  silver  in  water,  acidulate  with  two  or  three  drops  of  nitric 
acid,  slowly  add  hydrochloric  acid,  stirring  rapidly,  until  no  more 
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precipitate  falls.  Pour  off  the  supernatant  liquid  through  a  filter, 
wash  the  chloride  of  silver  once  or  twice  with  hot  water,  transfer 
to  the  filter,  complete  the  washing,  and  dry.  After  removing  as 
much  as  possible  of  the  precipitate  from  the  paper  to  the  crucible, 
burn  the  filter,  letting  its  ash  fall  on  the  inverted  lid  of  the 
crucible,  moisten  with  a  drop  of  nitric  acid,  warm,  add  a  drop  of 
hydrochloric  acid,  evaporate  to  dryness,  replace  the  lid  on  the 
crucible,  ignite  the  whole  until  the  edges  of  the  mass  of  chloride 
begin  to  fuse ;  cool  and  weigh.  170  of  nitrate  yield  143*5  of 
chloride.  According  to  the  British  Pharmacopoeia,  10  parts  of 
nitrate  should  thus  yield  8*44  of  chloride,  and  the  filtrate  from 
the  chloride  evaporated  to  dryness  should  leave  no  residue, 
indicating  absence  of  nitrates  of  potassium  or  sodium  and  other 
similar  adulterants. 

Process  3. — Cyanide  of  silver  may  be  collected  on  a  tared  filter 
and  dried  at  100°  C.    170  of  nitrate  yield  134  of  cyanide. 

Silver  and  its  salts  may  be  Tolumetrically  estimated  by  a 

standard  solution  of  chloride  of  sodium. 

Cupellation. — The  amount  of  silver  in  an  alloy  may  be  also 
determined  by  a  dry  method.  The  metal  is  folded  in  a  piece  of 
thin  sheet  lead,  placed  on  a  cwpel  {cu^ella,  little  cup,  made  of 
compressed  bone-earth)  and  heated  in  a  furnace,  the  cupel  being 
protected  from  the  direct  action  of  flame  by  a  muff-shaped  or, 
rather,  oven-shaped  case  termed  a  muffle.  The  metals  melt,  the 
baser  become  oxidized,  the  oxide  of  lead  fusing  and  dissolving 
the  other  oxides ;  the  fluid  oxides  are  absorbed  by  the  porous 
cupel,  a  button  of  pure  silver  remaining.  An  alloy  suspected  to 
contain  95  per  cent,  of  silver  requires  about  three  times  its  weight 
of  lead  for  successful  cupellation ;  if  92|  per  cent.  (English  silver 
coin),  between  5  and  6  times  its  weight  of  lead  is  necessary. 


QUESTIONS  AND  EXEECISES. 

1031.  Explain  the  gravimetric  process  by  which  the  strength 
of  the  official  solutions  of  ferric  chloride,  nitrate,  and  sulphate 
are  determined. 


QUESTIONS  AND  EXERCISES. 
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1032.  Mention  the  various  amounts  of  ferrous  and  ferric  salts 
equivalent  to  100  parts  of  metal. 

1033.  State  the  precautions  necessary  to  be  observed  in  esti- 
mating arsenicum  or  antimony  in  the  form  of  sulphide. 

1034.  In  what  form  are  the  official  compounds  of  bismuth 
weighed  for  quantitative  purposes  ? 

1035.  Give  an  outline  of  the  process  by  which  mercury  may 
be  isolated  from  its  official  preparations  and  weighed  in  the 
metallic  condition. 

1036.  Describe  three  methods  for  the  quantitative  analysis  of 
salts  of  lead  ;  and  the  weights  of  the  respective  precipitates,  sup- 
posing 0*56  of  crystallized  acetate  to  have  been  operated  on  in 
each  case. 

1037.  Describe  the  processes  by  which  silver  is  estimated  in 
the  forms  of  metal,  chloride,  and  cyanide. 

1038.  What  proportions  of  nitrate  of  silver  are  indicated,  re- 
spectively, by  15  of  metal,  9-8  of  chloride,  and  8*1  of  cyanide  ? 

1039.  Describe  cupellation. 


2  F  5 
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GRAYIMETEIC  ESTIMATION 
OF  THE  ACIDULOUS  RADICALS  OF  SALTS. 


CELOEIDES. 

Free  chlorine  (chlorine -water)  and  compounds  which,  by  action 
of  acids  yield  free  chlorine  (Chlorinated  Lime,  Chlorinated  Soda, 
and  their  official  Solutions)  are  estimated  volumetrically  by  a 
standard  solution  of  hyposulphite  of  sodium  {vide  p.  631).  The 
amount  of  combined  chlorine  in  pure  chlorides  (HCl,  ITaCl)  may 
also  be  determined  by  volumetric  analysis  with  a  standard  solu- 
tion of  nitrate  of  silver  (p.  621). 

Combined  chlorine  is  gravimetrically  estimated  in  the  form  of 
chloride  of  silver,  the  operation  being  identical  with  that  just 
described  for  silver  salts  (p.  655).  58*5  parts  of  pure,  colourless, 
crystallized  chloride  of  sodium  (rock-salt)  yield  143-5  of  chloride 
of  silver. 

IODIDES. 

Free  iodine  is  estimated  volumetrically  by  solution  of  hypo- 
sulphite of  sodium  (vide  p.  631). 

Combined  iodine  is  determined  gravimetrically  in  the  form  of 
iodide  of  silver,  the  operations  being  conducted  as  with  chloride 
of  silver.  Iodide  of  potassium  may  be  used  for  an  experimental 
determination:  KI= 166  should  yield  Agl= 235.  Of  the  official 
iodide  of  cadmium  {Cadmii  lodiditm,  B.  P.)  it  is  stated  that  "ten 
grains  dissolved  in  water,  and  nitrate  of  silver  added  in  excess, 
give  a  precipitate  which,  when  washed  with  water  and  afterwards 
with  half  an  ounce  of  solution  of  ammonia,  and  dried,  weighs 
12-5  grains." 

In  presence  of  cJilorides  and  bromides  the  iodine  in  iodides  may 
be  precipitated  and  weighed  as  iodide  of  palladium. 
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BUOMIDES. 

Free  bromine  may  be  estimated  by  shaking  with  excess  of 
solution  of  iodide  of  potassium,  and  then  determining  the  equi- 
valent quantity  of  liberated  iodine  by  a  standard  solution  of  hypo- 
sulphite of  sodium  (p.  631). 

The  hromine  in  hromides  may  be  precipitated  and  weighed  as 
bromide  of  silver,  the  manipulations  being  the  same  as  those  for 
chloride  of  silver :  0*2  to  0-3  of  pure  bromide  of  potassium  may 
be  used  for  an  experimental  analysis. 

CYANIDES. 

The  hydrogen  cyanide  (hydrocyanic  acid)  is  usually  estimated 
volumetrically  (vide  p.  621). 

Prom  all  soluble  cyanides  cyanogen  may  be  precipitated  by 
nitrate  of  silver,  after  acidulating  with  nitric  acid,  the  cyanide  of 
silver  collected  on  a  tared  filter,  dried  at  100°  C.  and  weighed. 

Of  the  official  Diluted  Hydrocyanic  Acid,  it  is  stated  that  one 
hundred  grains  (or  110  minims)  precipitated  by  solution  of  nitrate 
of  silver  yield  ten  grains  of  dry  cyanide  of  silver. 

Cyanide  of  Silver, 

In  1  molecule.      In  100  parts. 

Silver  Ag  ....  107-93  ....  80-59 

Cyanogen  . .  CK  ....    26-00  ....  19-41 

133-93  100-00 

NITRATES. 

Mtrates  cannot  be  estimated  by  direct  gravimetric  analysis^ 
none  of  the  basylous  radicals  yielding  a  definite  nitrate  insoluble 
in  water.  With  some  difficulty  they  may  be  determined  by  in- 
direct volumetric  methods. 

Process. — The  following  (Thorpe's)  method  depends  upon  the 
fact  (Gladstone  and  Tribe)  that  when  zinc  upon  which  copper  is 
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deposited  in  a  spongy  form  is  boiled  with  water,  hydrogen  is 
evolved.  Thorpe  found  that  in  a  solution  containing  nitrates  the 
nascent  hydrogen  converts  the  whole  of  the  nitrogen  of  the 
nitrates  into  ammonia,  which  may  be  collected  and  estimated. 
(The  oxygen  of  the  nitrate  is  simultaneously  converted  into 
water,  the  nitrate-metal  into  hydrate,  and  the  zinc  into  hydrate 
of  zinc.    The  copper-zinc  couple  acts  as  a  battery.) 

An  apparatus  such  as  shown  in  fig.  82  should  be  constructed.  A 
flask  (about  100!c.  c.)  is  fitted  with  an  india-rubber  cork  perforated 


Pig.  82. 


Estimation  of  nitrates. 


for  a  delivery-tube,  which  should  be  of  strong  glass  tubing  of 
about  quarter-inch  bore,  and  for  a  stoppered  funnel,  which  should 
have  about  half  the  capacity  of  the  flask.  The  whole  is  supported 
by  a  clamp  or  on  wire-gauze.  The  outer  jar  shown  in  the  figure 
should  have  a  capacity  of  two  or  three  litres,  and  the  inner  re- 
ceiving-jar should  be  capable  of  holding  200  c.  c.  The  latter  is 
fitted  with  an  india-rubber  cork  perforated  for  the  delivery-tube, 
and  for  another  tube  containing  fragments  of  glass. 

A  few  strips  of  clean  zinc  are  boiled  in  a  beaker  with  a  solution 
of  sulphate  of  copper  until  a  thick  coating  of  finely  divided  copper 
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is  deposited.    The  pieces  of  metal  are  well  washed  and  introduced 
into  the  flask,  which  is  then  half  filled  with  pure  water.  To 
avoid  transference,  the  flask  itself  may  be  used  instead  of  the 
beaker.    The  funnel  also  is  filled  with  pure  water.    Into  the 
inner  receiver  is  put  a  little  pure  water  very  slightly  acidulated 
with  hydrochloric  acid ;  and  the  glass  fragments  are  also  mois- 
tened with  the  dilute  acid  (to  prevent  possible  loss  of  ammonia). 
Water  is  now  placed  around  the  inner  receiver  in  the  outer  jar, 
and,  the  connexions  being  sound,  heat  is  applied  with  the  view 
of  freeing  the  apparatus  itself  from  any  trace  of  ammonia.  When 
the  contents  of  the  flask  are  evaporated  nearly  to  dryness,  pure 
water  is  admitted  from  the  funnel  until  the  flask  is  again  about 
half  full  (the  funnel  should  be  filled  again  at  once),  and  the 
distillation  carried  on  as  before.    This  must  be  repeated  until  no 
further  trace  of  ammonia  is  evolved,  when  the  apparatus  is  ready 
for  use.    On  each  occasion  that  the  apparatus  is  used  it  must  be 
freed  from  ammonia  in  this  way.    A  suitable  quantity  of  the 
substance  to  be  estimated  is  now  introduced  (in  the  case  of  potable 
waters  the  prepared  solid  residue  from  100  c.  c,  with  an  added 
fragment  of  recently  ignited  lime — the  size  of  a  hempseed — to  pro- 
mote the  evolution  of  the  ammonia)  and  water  added,  if  necessary, 
until  the  flask  is  half  full.    Heat  is  now  applied  and  the  opera- 
tion conducted  in  the  manner  already  described  until  ammonia 
ceases  to  come  over — a  point  which  always  occurs  in  the  case  of 
water-residues  when  the  flask  has  been  refilled  twice  and  the 
distillate  is  about  100  c.  c.    The  warm  water  from  the  upper 
part  of  the  cooling-jar  may  be  removed  by  a  siphon  or  otherwise, 
cold  water  being  introduced  from  time  to  time. 

The  ammonia  being  all  evolved,  disconnect  the  flask  and 
receiver  simultaneously,  and  treat  the  contents  of  the  latter  by 
the  Nessler  method  described  on  page  611.  Urea  yields  but 
traces  of  ammonia  by  this  process ;  and  neither  the  sulphates  nor 
chlorides  of  the  alkali-metals  aflect  the  result. 
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SULPHIDES. 

Process  1. — Soluble  sulphides  (H^S,  IN'aHS,  e,  g.)  may  be  esti- 
mated volumetrically  by  adding  to  the  aqueous  liquid  a  measured 
excess  of  an  alkaline  solution  of  arsenic  of  known  strength,  neu- 
tralizing by  hydrochloric  acid,  diluting  to  any  given  volume^ 
filtering  off  the  sulphide  of  arsenicum  precipitated,  taking  a  por- 
tion of  the  filtrate  equal  to  half  or  a  third  of  the  original  volume, 
and,  after  neutralizing  by  acid  carbonate  of  sodium,  estimating 
the  residual  arsenic  by  the  standard  iodine  solution  (vide  p.  625). 
The  process  may  be  tried  on  a  measured  volume  of  sulphuretted 
hydrogen  (the  weight  of  which  is  easily  calculated  ;  1  litre  of 
hydrogen  =  0*0896  gramme)  absorbed  by  a  strong  solution  of 
soda  or  potash. 

Process  2. — Sulphur  and  sulphides  may  also  be  quantitatively 
analyzed  by  oxidizing  to  sulphuric  acid  and  precipitating  in  the 
form  of  sulphate  of  barium.  A  couple  of  decigrammes  of  a  pure 
metallic  sulphide  may  be  decomposed  by  careful  deflagration 
with  a  mixture  of  chlorate  of  potassium  and  carbonate  of  sodium, 
the  product  dissolved  in  water,  acidulated  with  hydrochloric  acid^ 
solution  of  chloride  of  barium  added,  and  the  precipitated  sul- 
phate of  barium  purified  and  collected  as  described  in  connexion 
with  the  estimation  of  barium  (p.  642).  Many  sulphides  may 
be  oxidized  in  a  flask  by  chlorate  of  potassium  and  hydrochloric 
acid,  and  then  precipitated  by  chloride  of  barium.  Experimental 
determinations  may  also  be  made  on  a  weighed  fragment  of 
sulphur,  about  0*1,  cautiously  fused  with  a  little  solid  caustic  alkali, 
and  the  product  oxidized  while  hot  by  the  slow  addition  of 
powdered  nitrate  or  chlorate  of  potassium,  or,  when  cold,  by 
treatment  with  chlorate  of  potassium  and  hydrochloric  acid,  and 
subsequent  precipitation  by  chloride  of  barium. 

JSfote. — Fusions  performed  by  help  of  a  gas-lamp  must  be  care- 
fully conducted ;  for  any  alkali  that  may  creep  over  the  side  of  a 
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crucible  will  certainly  absorb  sulphurous  acid  from  the  products 
of  combustion  of  the  gas  and  error  result. 

Process  3. — Soluble  sulphides  may  also  be  treated  with  excess 
of  an  alkaline  arsenite,  arsenious  sulphide  then  precipitated 
by  the  addition  of  hydrochloric  acid,  and  the  precipitate  collected 
and  weighed  with  the  usual  precautions  {vide  p.  649). 

Weiglits  of  equivalent  quantities  of  sulphur  and  its  compounds. 


Sulphites  are  usually  estimated  volumetrically  by  a  standard 
solution  of  iodine  (vide  p.  625).  Sulphites  insoluble  in  water 
are  diffused  in  that  menstruum,  hydrochloric  acid  added,  and  the 
iodine  solution  then  dropped  in. 

If  necessary,  sulphites  may  be  estimated  gravimetrically  by 
oxidation  and  precipitation  in  the  form  of  sulphate  of  barium. 


These  salts  are  always  precipitated  and  weighed  as  sulphate  of 
barium,  the  manipulations  being  identical  with  those  performed  in 
the  determination  of  barium  by  means  of  sulphates  (vide  p.  642). 
The  purity  of  Sulphate  of  Sodium  (Sodce  Sulphas,  B.  P.),  and  the 
presence  of  not  more  than  a  given  amount  of  sulphuric  acid  in 
Yinegar  (Acetum,  B.  P.),  are  directed,  in  the  British  Pharmacopoeia, 
to  be  ascertained  by  this  process.  Ten  grains  of  sulphate  of 
sodium  yield  7*236  of  sulphate  of  barium.  Pive  ounces  of 
vinegar  should  yield  not  more  than  about  one  third  of  a  gramme 
of  sulphate  of  barium. 


Sulphur    S  

Sulphuretted  hydrogen    ....  H^S  

Sulphate  of  barium   BaSO^  . .  . 

Arsenious  sulphide   (As2S3)-f-3 

Bisulphide  of  iron    (FeS2)-f-2 

Sulphide  of  lead   PbS  


32 
34 

233 
82 
60 

239 


SULPHITES. 


SULPHATES. 
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Proportional  weights  of  equivalent  quantities  of  sulphates. 

The  sulphuric  radical   SO^    96 

Sulphuric  acid    H^SO^    98 

Sulphate  of  barium    BaSO,    233 


Fig.  83. 


Estimation  of 
carbonates. 


GAEEONATES. 

Carbonates  are  usually  estimated  by  the  loss  in  weight  they 
undergo  on  the  addition  of  a  strong  acid. 

Process  1. — A  small  light  flask  is  selected 
■ — of  such  a  size  that  it  can  be  conveniently 
weighed  in  a  delicate  balance.  Two  narrow 
glass  tubes  are  fitted  to  the  flask  by  a  cork — 
the  one  straight,  extending  from  about  two 
or  three  centimetres  above  the  cork  to  the 
bottom  of  the  flask,  the  other  cut  off  close  to 
the  cork  on  the  inside  and  curved  outwards 
so  as  to  carry  a  thin  drying- tube  horizontally 
above  the  flask  (see  fig.  83).  The  drying- 
tube  is  nearly  filled  with  small  pieces  of 
chloride  of  calcium,  a  plug  of  cotton- wool  preventing  escape  of 
any  fragments  at  either  end,  and  is  attached  by  a  pierced  cork  to 
the  free  extremity  of  the  curved  tube  of  the  flask.  A  weighed 
quantity  of  any  pure  soluble  carbonate  is  placed  in  the  flask,  a 
little  water  added,  a  miniature  test-tube  containing  sulphuric 
acid  lowered  into  the  flask  by  a  thread  and  supported  so  that  the 
acid  may  not  flow  out,  the  cork  inserted,  the  outer  end  of  the 
piece  of  the  straight  glass  tubing  closed  by  a  fragment  of  cork  or 
wax,  and  the  whole  weighed.  The  apparatus  is  then  inclined  so 
that  the  oil  of  vitriol  and  carbonate  may  slowly  react ;  carbonic 
acid  gas  is  evolved  and  escapes  through  the  horizontal  tube,  any 
moisture  being  retained  by  the  chloride  of  calcium.  When  efifer- 
vescence  has  ceased,  the  gas  still  remaining  in  the  vessel  is 


GEAVIMETRIC  ESTIMATION  OV  CARBONATES. 


665 


sucked  out ;  this  is  accomplished  by  adapting  a  piece  of  india- 
mbber  tubing-  to  the  end  of  the  drying-tube^  removing  the  small 
plug  from  the  straight  tube,  and  aspirating  slowly  with  the 
mouth  for  a  few  minutes.  If  the  heat  produced  by  the  action  of 
the  oil  of  vitriol  and  solution  is  considered  insufficient  to  expel 
all  the  carbonic  acid  from  the  liquid,  the  plug  is  again  inserted  in 
the  tube  and  the  contents  of  the  flask  gently  boiled  for  some 
seconds.  When  the  apparatus  is  cold,  more  air  is  again  drawn 
through  it,  and  the  whole  finally  weighed.  The  loss  is  due  to 
carbonic  acid  gas  (CO^),  from  the  weight  of  which  that  of  any 
carbonate  is  ascertained  by  calculation.  Carbonates  insoluble  in 
water  may  be  attacked  by  hydrochloric  instead  of  sulphuric  acid ; 
granulated  mixtures  of  carbonates  and  powdered  tartaric  or  citric 
acids  by  enclosing  the  preparation  in  the  inner  tube  and  placing 
water  in  the  flask,  or  vice  versa.  The  apparatus  also  may  be 
modified  in  many  ways  to  suit  the  requirements,  convenience,  or 
practice  of  the  operator. 

Process  2. — Carbonates  from  which  carbonic  acid  gas  is  evolved 
by  heat  may  be  estimated  by  the  loss  they  experience  on  ignition. 

Process  3. — Pree  carbonic  acid  gas  may  be  absorbed  by  a  solid 
stick  of  potash  or  a  strong  alkaline  solution,  the  loss  in  volume  of 
the  gas  or  mixture  of  gases  indicating  the  amount  originally 
present. 

Weights  of  equivalent  quantities  of  carbonic  acid  gas  and  certain 
carbonates. 

Carbonic  acid  gas   CO^   44 

Carbonic  acid   H^COg   62 

Anhydrous  carbonate  of  sodium .  .  Na^COg    106 

Crystalline  carbonate  of  sodium.  .  IN'a^COglOH^O  .  .  286 

Anhydrous  carbonate  of  potassium  K^COg   138 

Crystalline  carbonate  of  potassium  K^COg  -r  16  7o  Aq  164-285 
Carbonate  of  calcium   CaCOg   100 
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OXALATES. 

Process  1. — The  oxalic  radical  is  usually  precipitated  in  the 
form  of  oxalate  of  calcium,  and  weighed  as  carbonate,  the  mani- 
pulations being  identical  with  those  observed  in  the  estimation 
of  calcium  (vide  p.  643).  The  experiment  may  be  performed  on 
0-3  or  0*4  of  pure  crystallized  oxalic  acid,  126  parts  of  which 
should  yield  100  of  carbonate  of  calcium. 

Process  2. — Oxalates  may  also  be  determined  by  conversion  of 
their  acidulous  radical  into  carbonic  acid  gas,  and  observation  of 
the  weight  of  the  latter.  The  oxalate,  water,  and  excess  of  black 
oxide  of  manganese  are  placed  in  the  carbonic-acid  apparatus  (page 
664),  a  tube  containing  oil  of  vitriol  lowered  into  the  flask,  the 
whole  weighed,  and  the  operation  completed  as  for  carbonates. 
From  the  following  equation  it  will  be  seen  that  every  88  parts  of 
carbonic  acid  gas  evolved  indicates  the  presence  of  126  parts  of  cry- 
stallized oxalic  acid  or  an  equivalent  quantity  of  other  oxalate  : — 

mffi^  +  MnO,  +  2H2SO,  =  MnSO,  +  I^a^SO,  +  211^  +  2C0^. 

The  black  oxide  of  manganese  used  in  this  experiment  must  bo 
free  from  carbonates.  The  amount  of  materials  employed  is 
regulated  by  the  size  of  the  vessels. 

PHOSPHATES. 

Process  1. — From  phosjpliates  dissolved  in  water  the  phosphoric 
radical  may  be  precipitated  and  weighed  in  the  form  of  pyro- 
phosphate of  magnesium,  the  details  of  manipulation  being 
similar  to  those  observed  in  estimating  magnesium  {vide  p.  645). 
Half  a  gramme  or  rather  more  of  pure  dry  crystallized  phosphate 
of  sodium  may  be  employed  in  experimental  determinations. 
The  official  phosphate  of  ammonium  (Ammonice  PJiospJias,  E.  P.) 
is  quantitatively  analyzed  by  this  method.  "  If  twenty  grains  of 
this  salt  be  dissolved  in  water,  and  solution  of  ammonio-sulphate 
of  magnesium  added,  a  crystalline  precipitate  falls,  which,  when 
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well  washed  upon  a  filter  with  solution  of  ammonia  diluted  with  an 
equal  volume  of  water,  dried,  and  heated  to  redness,  leaves 
16"8  grains."  Half  a  gramme,  or  less,  is  a  more  convenient  quan- 
tity if  the  operations  he  conducted  with  care.  Solution  of  am- 
monio-sulphate  of  magnesium  (B.  P.)  is  prepared  by  dissolving 
2  parts  of  sulphate  of  magnesium,  1  of  chloride  of  ammonium, 
and  1  of  solution  of  ammonia  (20*6  per  cent.  NH^HO)  in  18  or 
20  of  distilled  water ;  such  a  solution  is  of  considerable  use  if 
several  phosphoric  determinations  are  about  to  be  made. 

Process  2. — Free  jpliosjpJioric  acid  is  most  readily  determined  as 
phosphate  of  lead  (Pb32PO^).  Of  the  official  solution  of  phos- 
phoric acid  it  is  stated  that  355  grains  by  weight  poured  upon 
180  grains  of  oxide  of  lead  in  fine  powder  leave,  by  evaporation, 
a  residue  (principally  phosphate  of  lead)  which,  after  it  has  been 
heated  to  dull  redness,  weighs  215*5  grains."  One  tenth  of  these 
quantities  may  be  used  for  experimental  purposes ;  one  to  two 
grammes  will  give  good  results.  The  oxide  of  lead  must  be 
quite  pure ;  it  should  be  prepared  by  digesting  red  lead  in  warm 
dilute  nitric  acid,  washing,  drying,  and  heating  the  resulting 
puce -coloured  plumbic  oxide  in  a  covered  porcelain  crucible. 
The  increase  in  weight  obtained  on  evaporating  a  given  amount 
of  solution  of  phosphoric  acid  with  a  known  weight  of  perfectly 
pure  oxide  of  lead  (PbO)  may  be  regarded  as  entirely  due  to 
phosphoric  anhydride  (P^Og), 

3PbO  -f-  P^O^  =  Pb32P0^, 
the  actual  reaction  being 

3PbO  +  2H3PO,  =  Pb32P0,  +  mfi. 
From  these  equations,  and  the  table  of  atomic  weights  (vide 
Appendix),  the  percentage  of  phosphoric  acid  (H3POJ  in  any 
specimen  of  its  solution  may  be  easily  calculated. 

Process  3. — The  strength  of  pure  solutiort  of  phosphoric  acid  may 
be  ascertained  by  specific  gravity  and  reference  to  Tables. 
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Process  4. — Bone-earth,  superphosphate,'^  the  official  Calcis 
Phosphas^  and  other  forms  of  phosphate  of  calcium  known  to  be 
tolerably  free  from  iron  or  aluminium,  may  be  estimated  by 
treating  about  half  a  gramme  with  hydrochloric  acid  somewhat 
diluted,  filtering  if  necessary,  warming,  precipitating  with  excess 
of  ammonia,  collecting  the  precipitate  (Ca32PO^),  washing,  drying, 
igniting,  and  weighing.  The  phosphate  of  calcium  of  pharmacy, 
if  pure,  will  in  this  process  lose  no  weight. 

Process  5. — Insoluble  phosphates  in  ashes,  manures,  etc.  are  treated 
as  follows.  The  weighed  quantity  of  the  material  (1-0  to  10*0) 
is  digested  in  hydrochloric  acid  diluted  with  three  or  four  times 
its  bulk  of  water,  filtered  (insoluble  matter  and  filter  being 
thoroughly  exhausted  by  water),  ammonia  added  to  the  filtrate 
and  washings,  until,  after  stirring,  a  faint  cloudy  precipitate  is 
perceptible,  solution  of  oxalic  acid  dropped  in  until,  after  agita- 
tion for  a  few  minutes,  the  opalescence  is  destroyed,  oxalate 
of  ammonium  next  added,  the  whole  warmed,  oxalate  of  cal- 
cium removed  by  filtration,  and  the  filtrate  concentrated  if  very 
dilute,  the  liquid  treated  with  citric  acid  in  such  quantity  that 
ammonia  when  added  in  excess  gives  a  clear  lemon-yellow  solu- 
tion (Warington),  magnesian  mixture  poured  in  (as  in  process  1), 
and  the  precipitate  of  ammonio-magnesian  phosphate  collected, 
washed,  dried,  and  weighed,  as  already  described  in  connexion 
with  the  estimation  of  magnesium. 


Relat  ive  weights  of  equivalent  quantities  of  phosphoric 
compounds. 


Pyrophosphate  of  magnesium 

H3PO,  .  .  . 
(Mg,P,0, 

=222)- 

-2= 

98 
. .  Ill 

Phosphate  of  lead   

(Pb32P0, 

=  811)- 

-2= 

. .  405-5 

(PA 

=  142)- 

-2  = 

..  71 

Phosphate  of  calcium  

(Ca32P0, 

=  310)- 

-2  = 

. .  155 

Superphosphate  of  calcium  .  . 

(CaH,2P0, 

=  234)- 

'-2= 

. .  117 
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questiojsts  a^d  exercises. 

1040.  "What  quantity  of  pure  rock-salt  is  equivalent  to  4*2  parts 
of  chloride  of  silver  ? — Ans.  1*712. 

1041.  State  the  percentage  of  real  iodide  of  potassium  contained 
in  a  sample  of  which  8  parts  yield  10*9  of  iodide  of  silver. — Ans, 
96-25. 

1042.  What  is  the  strength  of  a  solution  of  hydrocyanic  acid 
10  parts  of  which^  by  weight,  yield  -9  of  cyanide  of  silver? — Ans. 
1-81  per  cent. 

1043.  How  are  nitrates  quantitatively  estimated  ? 

1044.  Ey  what  processes  may  the  strength  of  sulphides  be  de- 
termined ? 

1045.  How  much  real  sulphate  of  sodium  is  contained  in  [a 
specimen  10  parts  of  which  yield  14*2  of  sulphate  of  barium  ? — 
Ans.  86-34  per  cent. 

1046.  Give  details  of  the  operations  performed  in  the  quanti- 
tative analysis  of  carbonates. 

1047.  What  amount  of  carbonic  acid  gas  should  be  obtained 
from  10  parts  of  acid  carbonate  (or  bicarbonate)  of  potassium  ? — 
Ans.  4*4  parts. 

1048.  To  what^  operation  and  what  proportions  of  materials 
does  the  following  equation  refer  ? 

JN-a.C.O,  +  MnO,  +  2H^S0,  =  MnSO,  +  Ka^SO,  +  2H,0  +  2C0,. 

1049.  Explain  the  lead  process  for  the  estimation  of  phosphoric 
acid  in  the  official  solution. 

1050.  State  the  amount  of  superphosphate  of  calcium  equiva- 
lent to  7*6  parts  of  pyrophosphate  of  magnesium. — Ans.  8*01 
parts. 


SILICATES. 

Silica  (SiO^)  may  be  separated  from  alkaline  silicates,  or  from 
silicates  decomposable  by  hydrochloric  acid,  by  digesting  the  sub- 
stance in  hydrochloric  acid  at  a  temperature  of  70°  or  80°  C. 
until  completely  disintegrated,  evaporating  to  dryness,  heating  in 
an  air-bath,  again  moistening  with  acid,  diluting  with  hot  water, 
filtering,  washing,  drying,  igniting,  and  weighing. 
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ESTIMATION  OF  WATEE. 

"Water  and  other  matt ers~  readily  volatilized  are  most  usually 
estimated  by  the  loss  in  weight  which  a  substance  undergoes  on 
being  heated  to  a  proper  temperature.  Thus,  in  the  British  Phar- 
macopoeia, crystalline  gallic  acid  (R.JJ^Ufi^,  H^O)  is  stated  to  lose 
9-5  per  cent,  of  its  weight  at  a  temperature  of  100°  C,  oxalate 
of  cerium  (CeC^O^,  SH^^)  52  per  cent,  on  incineration,  carbonate 
of  potassium  about  16  per  cent,  on  exposure  to  a  red  heat,  sul- 
phate of  quinine  (2C,oH,^]N",0„  H,SO^,  7H^0)  14-4  per^  cent,  at 
100°  C,  arseniate  of  sodium  (jSTa^HAsO^,  711,0)  40-38  per  cent, 
at  149°  C,  carbonate  of  sodium  (^^a,C03,  lOH^O)  60-3  per  cent., 
phosphate  of  sodium  (Ka^HPO^,  I2II2O)  63  per  cent.,  and  sul- 
phate of  sodium  (N'a^SO^,  lOH^O)  55*9  per  cent,  at  a  low  red 
heat :  oxide  of  bismuth  heated  to  incipient  redness  is  not  to  di- 
minish in  weight. 

Process. — One  or  two  grammes  of  substance  is  sufficient  in  ex- 
periments on  desiccation,  the  material  being  placed  in  a  watch- 
glass,  covered  or  uncovered  porcelain  crucible,  or  other  vessel,  ac- 
cording to  the  temperature  to  which  it  is  to  be  exposed. 

Eapid  desiccation  at  an  exact  temperature  may  be  effected  by 
introducing  the  substance  into  a  tube  having  somewhat  the  shape 
of  the  letter  IT,  sinking  the  lower  part  of  the  tube  into  a  liquid 
kept  at  a  definite  temperature  by  aid  of  a  thermometer,  and 
drawing  or  forcing  a  current  of  dry  air  slowly  through  the 
apparatus.  Substances  liable  to  oxidation  may  be  desiccated 
in  a  current  of  dried  carbonic  acid  gas.  The  weights  of  the  U- 
tube  before  and  after  the  introduction  of  the  salt,  and  after  desic- 
cation, give  the  amount  of  water  sought.  In  all  cases  the  mate- 
rial must  be  heated  until  it  ceases  to  lose  weight.  Occasionally 
it  is  desirable  to  estimate  water  directly  by  convejdng  its  vapour 
in  a  current  of  air  through  a  weighed  tube  containing  chloride 
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of  calcium  and  re-weighing  tlie  tube  at  the  close  of  the  operation ; 
the  increase  shows  the  amount  of  water. 

Note, — Highly  dried  substances  rapidly  absorb  moisture  from 
the  air ;  the}^  must  therefore  be  weighed  quicklj^,  enclosed,  if 
possible,  in  tubes  (p.  636),  a  pair  of  clamped  watch-glasses,  or  a 
crucible  haying  a  tightly  fitting  lid. 

CAEBOK,  HYDROGEN,  OXYGEN,  NITROGEN. 

The  quantitative  analysis  of  animal  and  vegetable  substances 
is  either  proocimate  or  ultimate.  Proximate  quantitative  analysis 
includes  the  estimation  of  water,  oil,  albumen,  starch,  cellulose,  gum, 
resin,  alkaloids,  acids,  glucosides,  ash.  It  requires  the  application 
of  much  theoretical  knowledge  and  manipulative  skill,  and  cannot 
well  be  studied  except  under  the  guidance  of  a  tutor.  One  of 
the  best  of  the  published  works  on  the  subject  is  by  Rochleder,  a 
translation  of  whose  monographs  will  be  found  in  the  Pharma- 
ceutical Journal,  vol.  i.  2nd  ser.  pp.  562,  610  ;  vol.  ii.  2nd  ser. 
pp.  24,  129,  160,  215,  274,  420,  478.  Another  is  a  small  book 
by  Professor  A.  B.  Prescott,  'Outlines  of  Proximate  Organic 
Analysis '  (Van  JSTostrand,  JN'ew  York). 

Ultimate  quantitative  organic  analysis  can  only  be  successfully 
accomplished  with  the  appliances  of  a  well-appointed  laboratory 
■ — a  good  balance,  a  gas-furnace  (p.  653)  giving  a  smokeless  flame 
(7  or  8  centimetres  wide  and  70  or  80  centims.  long),  special  forms 
of  glass  apparatus,  etc.  The  theory  of  the  operation  is  simple :  a 
weighed  quantity  of  a  substance  is  burnt  to  carbonic  acid  gas 
(C0^=44)  and  water  (Il20  =  18),  and  these  products  collected 
and  weighed;  12  parts  in  every  44  of  carbonic  acid  gas  (=yY) 
are  carbon,  2  in  every  18  of  water  (  =  -g-)  are  hydrogen;  nitro- 
gen if  present  escapes  as  gas.  If  nitrogen  be  a  constituent, 
more  of  the  substance  is  strongly  heated  with  a  mixture  of  the 
hydrates  of  sodium  and  calcium  ;  these  bodies  then  split  up  into 
oxides,  oxygen,  and  hydrogen  ;  the  oxygen  burns  the  carbon  of 
the  substance  to  carbonic  acid  gas,  its  hydrogen  and  nitrogen 
appearing  as  water  and  ammonia  respectively  ;  the  carbonic  acid 
and  water  are  disregarded,  the  ammonia  collected  and  weighed 
in  the  form  of  a  double  chloride  of  platinum  and  ammonium 
(PtCl,2NH,Cl  =  447),  of  which  28  parts  in  every  447  are 
nitrogen.  The  difference  between  the  sum  of  the  weights  of  h}^- 
drogen  and  carbon,  and  the  weight  of  substance  taken,  is  the 
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proportion  of  oxygen  in  the  body,  supposing  nitrogen  to  be 
absent.  If  nitrogen  is  present,  the  difference  between  the  sum 
of  the  percentages  of  carbon,  hydrogen,  and  nitrogen  and  100  is 
the  percentage  of  oxygen.  Shortly,  carbon  is  estimated  in  the 
form  of  carbonic  acid  gas,  hydrogen  as  water,  nitrogen  as  am- 
monia, and  oxygen  by  loss. 

The  following  is  the  outline  of  the  necessary  manipulations. 
The  source  of  the  oxygen  for  the  combustion  of  carbon  and  hy- 
drogen is  black  oxide  of  copper  in  coarse  powder.  200  or  300 
grammes  of  this  material  are  heated  in  a  crucible  to  low  redness 
for  a  short  time  to  expel  every  trace  of  moisture — then  trans- 
ferred to  store-tubes  (fig.  84)  resembling  test-tubes,  half  a  metre 

rig.  84. 

-     —  --^—^        — -= — _j 

long,  and  having  a  slightly  narrowed  mouth,  the  tube  being  held 
in  a  cloth  to  protect  the  hand  while  the  hot  oxide  is  being  di- 
rectly introduced  into  the  mouth  of  the  tube  by  a  scooping  mo- 
tion. As  soon  as  the  well-corked  tube  is  cool,  the  oxide  is  poured, 
portion  by  portion,  into  a  similar  tube  (the  combustion-tube),  but 
somewhat  longer,  drawn  out  to  a  quill  (bent  upwards  nearly  to 
a  right  angle)  at  one  end,  and  not  constricted  at  the  mouth.  Two 
such  tubes  are  readily  made  by  softening  in  the  blowpipe-flame 
two  or  three  centimetres  of  the  central  part  of  a  tube  about  a 
metre  long,  and  drawing  the  halves  of  the  tube  apart  as  shown  in 
the  following  engraving  (fig  85).  The  tubes  are  separated  by  melt- 


Pig.  85. 


ing  the  glass  in  the  midle  of  the  quildled  portion.    A  few  deci- 
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grammes  of  fused  chlorate  of  potassium  should  first  be  dropped 
into  the  tube.  After  ten  or  fifteen  centimetres  of  oxide  have  been 
poured  in,  about  a  decigramme  of  the  substance  to  be  analyzed  is 
dropped  down  the  tube,  then  a  few  grammes  of  oxide,  then  another 
decigramme  of  substance,  then  more  oxide,  until  three  or  four 
decigrammes  of  the  body  under  examination  have  been  added. 
The  fifteen  or  twenty  centimetres  of  alternate  layers  are  next 
thoroughly  mixed  by  a  long  copper  wire  having  a  short  helix ; 
more  oxide  is  introduced,  the  wire  cleansed  by  twisting  the  helix 
about  in  the  pure  oxide,  and  a  plug  of  dry  asbestos  finally  placed 
on  the  top  of  the  oxide  at  about  five  centimetres  from  the  mouth 
of  the  tube ;  the  tube  is  then  securely  corked  and  set  aside.  The 
substance  operated  on  may  be  pure  white  sugar,  powdered  and 
dried ;  the  tube  in  which  it  is  contained  is  weighed  before  and 
after  the  removal  of  a  portion  for  combustion ;  the  loss  is  the 
quantity  employed  in  the  experiment.  The  combustion-furnace 
may  be  such  as  shown  on  page  653.  If  the  furnace  is  very 
powerful,  or  the  combustion-tube  not  of  the  hardest  glass,  the 
tube  should  be  enclosed  in  wire-gauze  the  elasticity  of  which  has 
been  destroyed  by  heating  to  redness.  If  the  substance  under 
experiment  contain  nitrogen,  the  plug  of  asbestos  i^ust  be  displaced 
by  one  of  copper  turnings,  which  serves  to  reduce  any  oxides  of 
nitrogen,  and  thus  insure  the  escape  of  nitrogen  itself.    The  water 


Pig.  86. 


Chloride-of -calcium  tube  and  Potash-bulbs. 


produced  when  the  prepared  tube  is  heated  is  collected  in  a  small 

U-tube  containing  pieces  of  chloride  of  calcium,  or  pumicestone 

2  G 
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moistened  with  sulphuric  acid  (fig.  86)  ;  the  carbonic  acid  gas  in 
^  series  of  bulbs  (fig.  86)  containing  solution  of  potash  (sp.  gr. 
^hout  1-27).  These  bulbs  may  be  purchased  at  any  apparatus- 
.^hop.  The  chloride -of- calcium  tube  is  fitted  by  a  good  cork  to 
the  combustion-tube,  the  potash-bulbs  by  a  short  piece  of  india- 
rubber  tubing  to  the  chloride-of- calcium  tube.  The  potash-bulbs 
may  carry  a  short  light  tube  containing  a  rod  of  caustic  iDotash 
three  or  four  centimetres  long ;  this  serves  to  arrest  any  moisture 
that  might  be  carried  away  from  the  solution  of  potash  by  the 
dried  expanded  air  which  escapes  during  the  operation.  The 
eorabustion-tube  having  been  placed  in  the  furnace,  and  the  dry- 
ing-tube and  potash-bulbs  weighed  and  attached,  the  gas  is  lit 
iiiider  the  asbestos,  and,  when  the  tube  is  red-hot,  the  flame  slowly 
extended  until  nearly  the  whole  tube  is  at  the  same  temperature, 
the  operation  being  conducted  at  such  a  rate  that  bubbles  of  gas 
escape  through  the  potash-bulbs  at  about  the  rate  of  one  per  second. 
When  no  more  gas  passes,  the  extremity  of  the  tube  containing 
the  chlorate  of  potassium  is  gently  heated  until  oxygen  ceases  to 
be  evolved  ;  the  quilled  extremity  of  the  combustion-tube  is  then 
broken,  and  air  drawn  slowly  through  the  apparatus  by  suction 
through  an  india-rubber  tube  fixed  on  the  free  end  of  the  potash- 
bulbs  ;  perfect  combustion  of  carbon  and  removal  of  all  carbonic 
seid  gas  is  thus  insured.  The  drying-tube  and  bulbs  are  discon- 
nected and  weighed,  the  increase  in  weight  due  to  carbonic  acid 
gsB  and  water  respectively  noted,  and  the  percentages  of  carbon, 
hydrogen,  and  (by  loss)  oxygen  calculated.  This  method  is  that 
of  Liebig,  with  modifications  by  Eunsen ;  good  combustion-fur- 
Buces  are  those  known  as  Hofmann's  and  Griffin's. 

Chromate  of  lead  can  he  used  for  combustions  in  place  of  oxide  of 
eojpper.  Its  advantages  are  its  less  hygroscopic  nature,  and  the 
greater  readiness  with  which  it  yields  its  oxygen  to  organic  bodies 
when  heated  with  them.  It  must  not,  however,  be  used  with 
l)odies  containing  nitrogen,  since  it  would  convert  so  large  a  pro- 
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portion  of  tlie  nitrogen  into  nitric  oxide  or  higher  oxide  of  nitro- 
gen, that  it  would  be  necessary  to  use  an  inconveniently  long  layer 
of  copper  turnings  to  reduce  these  oxides  and  so  prevent  their 
absorption  in  the  series  of  bulbs  containing  the  solution  of  potash. 
Organic  bodies,  however,  containing  sulphur,  bromine,  iodine,  or 
chlorine  are  burnt  with  advantage  by  means  of  chromate  of  lead. 
If  oxide  of  copper  were  used  with  bodies  containing  sulj^hur,  it 
would  be  necessary  to  place  an  additional  tube  containing  peroxide 
of  lead  between  the  chloride-of- calcium  tube  and  the  potash-bulbs 
in  order  to  absorb  the  sulphurous  anhydride  formed ;  this  is  en- 
tirely obviated  by  using  chromate  of  lead,  which  itself  retains  the 
whole  of  the  sulphur.  Again,  if  bodies  containing  chlorine,  iodine, 
or  bromine  are  burnt  by  means  of  oxide  of  copper,  then  volatile 
chloride,  iodide,  or  bromide  of  copper  is  formed,  and  collecting  in 
the  chloride-of-calcium  tube  vitiates  the  result  with  regard  to  the 
hydrogen ;  by  using  chromate  of  lead,  however,  the  chlorine, 
iodine,  and  bromine  are  respectively  retained  in  the  combustion- 
tube  as  chloride,  bromide,  and  iodide  of  lead. 

In  order  to  render  the  chromate  fit  for  use,  it  is  first  fused  and 
poured  out  on  a  clean  iron  plate ;  when  cool  it  is  powdered,  and 
heated  in  a  long  tube  throughout  its  whole  length,  while  air,  dried 
by  passing  through  chloride  of  calcium  or  strong  SQljjhuric  acid, 
is  drawn  over  it ;  when  the  colour  of  the  chromate  changes  to 
brown  the  heat  can  be  withdrawn  and  the  extremity  of  the  tube 
furthest  from  the  drying -apparatus  closed,  so  that  the  air  in 
passing  into  the  tube  on  cooling  may  be  quite  dry ;  when  cool 
the  drying-tube  is  removed,  the  extremity  securely  corked,  and 
the  chromate  of  lead  is  ready  for  direct  transference  to  the  com- 
bustion-tube. 

The  general  manipulations  for  substances  containing  nitrogeyi 

resemble  the  foregoing  so  far  as  the  use  of  a  combustion-tube 

and  furnace  and  collection  of  the  ammoniacal  gas  are  concerned. 

The  combustion-tube  must  be  quilled  at  one  end,  and  about  a 
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third  of  a  metre  long.  The  soda- lime  is  made  by  slaking  quick- 
lime with  a  solution  of  soda,  of  such  a  strength  that  about  two 
parts  of  quicklime  shall  be  mixed  with  one  of  hydrate  of  sodium, 
drying  the  product,  heating  to  bright  redness,  and  finely  powder- 
ing ;  it  should  be  preserved  in  a  well-closed  bottle.  Some  of  the 
soda-lime  is  introduced  into  the  tube^  then  layers  of  substance 
and  soda-lime,  mixture  effected  p-^ 
by  a  wire,  more  soda-lime  added, 
and  lastly  a  plug  of  asbestos. 
Bulbs  (fig.  87),  known  as  those 
of  Will  and  Yarrentrapp  (the  ori- 
ginators of  the  method),  contain- 
ing hydrochloric  acid  of  about  25 
per  cent.,  are  then  fitted  by  a  cork,  Nitrogen-bulbs, 
and  the  tube  heated  in  the  furnace.  When  gas  ceases  to  pass,  the 
quill  is  broken,  and  aspiration  continued  slowly  until  all  ammo- 
niacal  gas  may  be  considered  to  have  been  absorbed  by  the  acid. 
The  bulbs  are  disconnected,  their  contents  and  rinsings  poured  into 
a  small  dish,  solution  of  perchloride  of  platinum  added,  and  the 
operation  completed  as  in  the  estimation  of  ammonium  and  potas- 
sium salts  {vide  pages  641  and  637). 

Liquids  are  analyzed  by  a  similar  method  to  that  adopted  for 
solids,  volatile  liquids  being  enclosed  in  small  bulbs  having  a 
long  quill.  These  are  weighed  previously  to  and  after  the  intro- 
duction of  the  liquid ;  just  before  being  dropped  into  the  com- 
bustion-tube the  quill  is  broken. 

Formulce. — Prom  the  percentage  composition  of  an  organic 
substance  an  empirical  formula  may  be  deduced  by  dividing  the 
weight  of  each  constituent  by  its  atomic  weight,  and  converting 
the  product  into  the  simplest  whole  numbers ;  a  rational  formula 
by  ascertaining  the  proportion  in  which  the  substance  unites 
with  a  radical  or  body  having  a  known  combining  proportion 
etc.  (vide  p.  475), 
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Chlorine,  Bromine,  or  Iodine,  contained  in  an  organic  substance, 
are  usually  estimated  by  heating  to  redness  a  given  weight  of  the 
material  with  ten  times  as  much  pure  lime  in  a  combustion-tube. 
Chloride,  bromide,  or  iodide  of  calcium  are  thus  produced.  While 
still  hot  the  tube  is  plunged  into  water,  the  mixture  of  broken 
glass  and  powder  treated  with  pure  diluted  nitric  acid  in  very 
slight  excess,  the  filtered  liquid  precipitated  by  nitrate  of  silver, 
and  the  chloride,  bromide,  or  iodide  of  silver  collected,  washed, 
dried,  and  weighed. 

Sulphur,  Phosphorus,  and  Arsenicum  in  organic  salts  may  be 
estimated  by  gradually  heating  in  a  combustion-tube  part  of  the 
substance  with  a  mixture  of  10  parts  nitre,  2  dried  carbonate  of 
sodium,  and  (in  order  to  moderate  deflagration)  30  chloride  of 
sodium.  The  product  is  dissolved  in  water  acidulated  by  nitric 
acid,  the  sulphuric  radical  precipitated  and  estimated  as  sulphate 
of  barium,  the  phosphoric  and  arsenic  radicals  as  ammonio-mag- 
nesian  phosphate  or  arseniate. 

auiNiA  on  auiNiNE. 

De  Vrifs  Method  for  the  Separation  of  the  Mixed  Alkaloids 
from  Cinchona-harJcs, — 20  grammes  of  powdered  and  sifted  bark, 
dried  at  100°  C,  are  mixed  with  milk  of  lime  made  of  5  grammes 
of  dry  slaked  lime  and  50  grammes  of  water.  This  mixture  is 
slowly  dried,  and,  when  entirely  dry,  heated  in  a  flask  with  200  c.  c. 
of  very  strong  spirit  (the  strongest  possible)  till  it  boils.  After 
cooling  and  subsiding,  the  clear  liquid  is  poured  on  a  filter  large 
enough  to  contain  all  the  bark,  but  not  larger  than  is  strictly 
necessary  (a  filter  of  15  centims.  diameter  is  sufScient).  The 
residue  in  the  flask  is  now  mixed  again  with  100  c.  c.  of  spirit, 
this  mixture  well  shaken,  and  poured  on  the  filter.  When  all 
the  liquid  has  passed  through  the  filter,  the  powder  remaining  on 
the  filter  is  washed  with  100  c.  c.  of  alcohol,  so  that  in  the  whole 
400  c.  c.  of  alcohol  are  used  for  20  grammes  of  bark.  The 
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united  liquors  are  now  slightly  acidulated  with  weak  sulphuric 
acid,  whereby  a  precipitate  of  sulphate  of  calcium  is  formed.  After 
this  has  subsided,  the  greater  part  of  the  liquor  can  be  poured  off, 
the  rest  being  filtered  through  a  small  filter.  The  clear  liquid  is 
now  distilled,  to  obtain  the  greater  part  of  the  spirit  used,  and 
the  remaining  liquid  poured  into  a  capsule,  to  which  is  added  the 
spirit  and  the  water  by  which  the  distilling-apparatus  is  subse- 
quently washed.  The  capsule  is  now  heated  on  a  water-bath  till 
all  the  spirit  has  been  expelled,  and  the  remaining  liquor,  which 
contains  all  the  alkaloids  in  the  form  of  acid  sulphates,  is,  after 
cooling,  filtered  through  a  small  filter.  On  the  filter  remains  a 
mixture  of  quinovic  acid  and  fatty  substances,  which  must  be 
washed  repeatedly  with  water  slightly  acidulated  by  sulphuric 
acid  till  caustic  soda  no  longer  produces  any  turbidity  in  the 
passing  liquid.  The  filtrate  is  now  reduced  to  a  small  volume  by 
heating  on  a  water-bath,  and  while  still  warm  precipitated  by  a 
slight  excess  of  caustic  soda.  The  benefit  derived  from  this  kind 
of  precipitation  is  that  the  alkaloids  precipitated  from  a  warm 
solution  are  less  voluminous,  and  can  therefore  more  easily  be 
washed.  The  drawback,  however,  is  that  the  alkaloids  from  some 
barks  melt  under  these  circumstances — which  disadvantage  can, 
however,  easily  be  rectified  by  powdering  carefully  the  alkaloids 
after  the  cooling  of  the  liquor,  and  collecting  this  powder  on  a 
small  filter.  After  washing  with  the  smallest  possible  quantity 
of  distilled  water,  suf&cient  to  remove  the  soda  salt  but  not  to 
dissolve  quinine,  the  filter  is  laid  upon  blotting-paper,  and  this 
so  often  renewed  till  the  mixed  alkaloids  can  easily  be  separated 
from  the  filter  without  adhering  to  it,  which  can  be  done  before 
they  are  entirely  dry,  but  requires  some  practice.  They  are  then 
heated  in  a  weighed  capsule  on  the  water-bath,  till  repeated 
weighings  show  that  the  weight  remains  constant.  The  observed 
weight  multiplied  by  five  gives  the  amount  of  mixed  alkaloids  in 
100  parts  of  bark. 


QUINIA. 


De  Vrijs  method  for  the  sei)aration  and  quantitative  determi- 
nation of  all  the  different  cinchona  alkaloids. — This  is  based  upoa 
the  following  facts  (nomenclature  after  De  Yrij)  : — 

1.  The  great  solubility  of  quinine  and  amorphous  alkaloid  ia 
ether,  and  the  relative  insolubility  of  quinidine,  cinchonidine,  and 
cinchonine  in  this  liquid. 

2.  The  great  solubility  of  the  iodo-sulphate  of  the  amorphous 
alkaloid  in  alcohol  of  at  least  90  per  cent.^  and  the  very  small 
solubility  of  the  iodo-sulphate  of  quinine  (herapathite)  in  this 
liquid. 

3.  The  great  difference  in  solubility  between  the  bitartrate  of 
cinchonidine  and  the  bitartrates  of  cinchonine  and  quinidine, — 
the  first  being  soluble  in  1265  parts  of  water  at  10°  C,  the  second 
in  35*6  parts  of  water  at  16°  C,  and  the  third  in  38*8  parts  of 
water  at  15°  C. 

4.  The  great  difference  in  solubility  between  the  hydriodate  of 
quinidine  and  the  hydriodates  of  cinchonidine  and  cinchonine 
water  and  alcohol.  1  part  of  hydriodate  of  quinidine  requires 
1250  parts  of  water  at  15°  C,  or  110  parts  of  alcohol.  1  part  of 
hydriodate  of  cinchonidine  requires  110  parts  of  water^  or  3  parts 
of  alcohol.  1  part  of  hydriodate  of  cinchonine  requires  128  parts 
of  water,  or  3  parts  of  alcohol. 

These  facts  are  applied  to  the  separation  and  detorminatioii  of 
the  different  cinchona  alkaloids  in  the  following  manner  :— 

Eive  to  ten  grammes  of  the  pulverized  mixed  alkaloids  ar© 
mixed  with  50  grammes  of  ether,  and  the  mixture,  after  well 
shaking,  left  at  rest  till  the  next  day.  Ey  this  operation  the 
alkaloids  are  separated  into  two  parts,  viz.  one  (A)  soluble  im. 
ether,  and  another  (B)  insoluble  in  that  liquid.  The  part  soluble 
in  ether  contains  the  quinine  and  the  amorphous  alkaloid,  together 
with  traces  of  quinidine  or  cinchonidine,  whilst  the  insoluble  part 
contains  the  cinchonidine,  cinchonine,  and  quinidine.  These  two 
parts  are  separated  by  a  filter,  the  insoluble  part  washed  witk 
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some  ether,  and  the  ethereal  solution  either  evaporated  or 
distilled. 

A.  Part  soluhle  in  Ether. — The  residue  left  by  the  evaporation 
of  the  ether  is  dissolved  in  10  parts  of  proof  spirit  acidulated  by 
one  twentieth  of  sulphuric  acid.  To  this  solution  is  carefully 
added  an  alcoholic  solution  of  iodine  till  a  precipitate  is  no  longer 
formed.  This  part  of  the  process  is  the  most  difficult,  and  re- 
quires some  experience.  If  the  mixed  alkaloids  contain  a  large 
amount  of  quinine,  there  appears  immediately  a  black  precipitate 
of  quinine-herapathite,  whereby  the  addition  of  the  solution  of 
iodine  is  regulated ;  but  if  the  amount  of  quinine  is  only  very 
small,  it  may  happen  that  the  precipitate  of  herapathite  does  not 
appear  immediately.  In  such  a  case  only  a  small  quantity  of 
iodine  must  be  added,  and  the  liquid,  after  haviug  been  stirred 
by  a  glass  rod,  left  till  the  next  day.  If  quinine  is  really  pre- 
sent, it  will  then  be  precipitated  in  the  form  of  herapathite.  The 
chief  desideratum  of  this  part  of  the  process  is  to  add  enough  and 
not  too  much  iodine.  The  herapathite  is  collected  upon  a  filter, 
washed  with  strong  alcohol,  dried  upon  blotting-paper,  and 
heated  in  a  water-bath.  One  part  of  the  herapathite,  thus 
dried,  represents  0*565  part  of  pure  quinine. 

The  liquid  separated  from  the  herapathite  is  mixed  with  an 
alcoholic  solution  of  sulphurous  acid,  whereby  the  iodo-sulphate 
of  amorphous  alkaloid  is  converted  into  hydriodate,  and  the  red- 
brown  colour  disappears.  The  solution  is  then  carefully  neu- 
tralized by  caustic  soda,  and  heated  on  a  water-bath  to  expel  the 
alcohol,  after  which  it  is  precipitated  by  a  slight  excess  of  soda. 
The  precipitate  consists  of  the  amorphous  alkaloid,  containing 
traces  of  quinidine  or  cinchonidine,  if  these  alkaloids  were  con- 
tained in  the  mixed  alkaloids. 

In  the  red  barks  of  British  India  this  amorphous  alkaloid  often 
contains  more  or  less  of  a  new  alkaloid  which  De  Yrij  supposes 
to  be  identical  with  Hesse's  quinamine. 
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E.  Part  insoluble  in  Ether, — This  part  is  mixed  with.  40  parts 
of  hot  water,  and  converted  into  neutral  sulphate  by  careful  addi- 
tion of  diluted  sulphuric  acid,  so  that  a  solution  is  obtained  having 
a  slight  alkaline  reaction  upon  red  litmus-paper.  To  this  solution 
a  solution  of  tartrate  of  soda  is  added  in  sufficient  quantity  to 
convert  the  sulphates  into  tartrates ;  and  after  stirring  with  a 
glass  rod,  it  is  left  till  the  next  day.  If  cinchonidine  be  present 
in  appreciable  quantity,  its  tartrate  will  be  found  separated  in 
crystalline  form,  whilst  the  other  tartrates  remain  dissolved  ;  if 
only  traces  of  cinchonidine  be  present,  striae  will  be  observed  on 
each  line  made  by  the  rod  rubbing  on  the  sides  of  the  vessel. 
The  tartrate  of  cinchonidine  is  collected  upon  a  filter,  washed 
with  a  little  water,  and  dried  on  a  water-bath.  One  part  of  this 
tartrate  represents  0*804  part  of  cinchonidine. 

The  liquor  separated  from  this  tartrate  is  mixed  with  a  solu- 
tion of  iodide  of  sodium,  and  well  stirred  by  a  glass  rod.  If 
quinidine  is  present  in  appreciable  quantity,  a  sandy  crystalline 
powder  of  hydriodate  of  quinidine  will  be  precipitated,  which  is 
collected  upon  a  filter,  washed  with  a  little  water,  and  dried  on 
a  water-bath.  One  part  of  this  hydriodate  represents  0-718  part 
of  anhydrous  quinidine.  If  only  a  trace  of  quinidine  be  present, 
no  precipitate  will  appear,  but  only  striae  on  the  parts  of  the 
glass  which  have  been  rubbed  by  the  glass  rod. 

The  liquor  separated  from  the  hydriodate  of  quinidine  is  pre- 
cipitated by  caustic  soda,  whereby  the  cinchonine  is  obtained. 
It  is  collected  upon  a  filter,  washed  with  water  and  dried  on  a 
water-bath. 

Dr.  de  Yrij  states  that  he  is  aware  that  this  process  is  far  from 

perfect.    For  instance,  the  bitartrate  of  cinchonidine  and  the 

hydriodate  of  quinidine,  although  difficultly  soluble  in  cold  water, 

are  not  insoluble ;  and  therefore  the  quantities  of  the  alkaloids 

determined  by  this  process  are  too  small,  whilst,  consequently, 

that  of  the  cinchonine  found  is  too  large.    The  best  part  of  the 
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process  is  the  accurate  determination  of  the  real  quinine  con- 
tained in  a  bark,  and  the  impossibility  of  overlooking  one  of  the 
mentioned  five  alkaloids  which  may  be  contained  in  a  bark. 

A  quantitative  determination  of  the  purity  of  commercial  sul- 
^Jiate  of  quinia  may  be  made  by  De  Yrij's  process.  2  grammes 
of  the  salt  are  dissolved  in  12  c.  c.  of  distilled  water  and  1*6  c.  c. 
of  diluted  sulphuric  acid  (B.  P.).  8  c.  c.  of  solution  of  hydrate 
of  sodium  (1  to  12)  and  30  c.  c.  of  pure  dry  ether  are  added,  the 
whole  well  shaken  and  laid  aside  for  twelve  hours.  The  ethereal 
solution  decanted  and  evaporated  gives  the  quinia.  The  aqueous 
solution  carefully  neutralized  by  acetic  acid  and  strong  solution 
of  iodide  of  potassium  (1  in  4)  added,  gives  a  white  precipitate  of 
hydriodate  of  quinidia,  the  mother-liquor  containing  any  cinchonia 
and  cinchonidia  that  may  be  present.  The  precipitate  is  collected 
on  a  tared  filter,  washed,  dried,  and  weighed  ;  it  contains  71*68 
per  cent,  of  pure  quinidia.  The  filtrate  and  washings  are  ren- 
dered alkaline  by  solution  of  soda  ;  cinchonia  and  cinchonidia  are 
precipitated,  and  may  be  collected,  washed,  dried,  and  weighed. 

Wote. — If  the  quinia  in  drying  assumes  a  resinoid  character,  it 
should  be  redissolved  in  ether,  and  the  solution,  when  concentrated, 
allowed  to  evaporate  very  slowly  or  spontaneously. 

Of  the  Citrate  of  Iron  and  Quinia  (Ferri  et  Quinice  CitraSf 
B.  P.)  it  is  officially  stated  that  fifty  grains  dissolved  in  a  fluid 
ounce  of  water  and  treated  with  a  slight  excess  of  ammonia  give 
a  white  precipitate  which,  when  collected  on  a  filter,  [washed,] 
and  dried  [at  260°  F.],  weighs  eight  grains.  The  precipitate  is 
almost  entirely  soluble  in  [two  or  three  fluid  drachms  of]  pure 
ether;''  and  the  ethereal  solution  set  aside  for  twelve  hours 
in  a  small  well- corked  bottle  yields  no  crystalline  deposit  (of 
quinidia). 

MOEPHIA. 

TJie  official  process  for  the  estimation  of  this  alJcaloid  in  opium 
is  conducted  in  the  following  manner : — 


MORPHIA.      ^  683 

Take  of  opium  100  grains,  slaked  lime  100  grains,  distilled 
water  4  ounces.  Break  down  the  opium,  and  steep  it  ia  aa 
ounce  of  water  for  twenty-four  hours,  stirring  the  mixture 
frequently.  Transfer  it  to  a  displacement- apparatus,  and  poar 
on  the  remainder  of  the  water  in  successive  portions,  so  as 
to  exhaust  the  opium  by  percolation.  To  the  infusion  thus 
obtained,  placed  in  a  flask,  add  the  lime,  boil  for  ten  minutes^, 
place  the  undissolved  matter  on  a  filter,  and  wash  it  with 
ounce  of  boiling  water.  Acidulate  the  filtered  fluid  slightlj 
with  diluted  hydrochloric  acid,  evaporate  it  to  the  bulk  of  half 
an  ounce,  and  let  it  cool.  [Neutralize  cautiously  with  solution 
of  ammonia,  carefully  avoiding  an  excess  ;  remove  by  filtration 
the  brown  matter  which  separates,  vfash  it  with  an  ounce  of  hot 
water,  mix  the  washings  with  the  filtrate,  concentrate  the  whol© 
to  the  bulk  of  half  an  ounce,  and  add  now  solution  of  ammonm 
in  slight  excess.  After  twenty-four  hours  collect  the  preci- 
pitated morphia  an  a  weighed  filter,  wash  it  with  cold  water^ 
and  dry  it  at  212°  F.  It  ought  to  weigh  at  least  from  six  t@ 
eight  grains. 

Of  HydrocMorate  of  Morpliia  it  is  stated  that  "'^twenty  grains 
of  the  salt  dissolved  in  half  an  ounce  of  warm  water,  witk 
ammonia  added  in  the  slightest  possible  excess,  give  on  cooling 
a  crystalline  precipitate  which,  when  washed  with  a  little  cold 
water  and  dried  by  exposure  to  the  air,  weighs  15*18  grains." 

Testing  Opium. — Professor  Schneider  has  proposed,  in  the  6th. 
revised  edition  of  the  '  Pharmacopoeia  Austriaca,'  the  following 
method  for  testing  the  quality  of  opium.  Ten  grammes  of  pre- 
viously dried  and  powdered  opium  is  treated  with  a  mixture  of 
150  grammes  of  distilled  water,  to  which  20  grammes  of  pure 
hydrochloric  acid,  sp.  gr.  1*12,  i^^  added ;  the  residue,  after  ex- 
traction, should  not  exceed  4*5  grammes  weight ;  to  the  acid 
fluid  20  grammes  of  common  salt  are  added,  and  the  precipitate 
thereby  caused  is  collected,  after  twenty-four  hours,  on  a  filter^ 
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and  the  latter  washed  with  a  solution  of  common  salt ;  to  the 
filtrate  ammonia  is  added,  and  the  fluid  left  standing  again  for 
twenty-four  hours ;  the  crystals  which  have  separated  are  col- 
lected, redissolved  in  acetic  acid,  and  precipitated  with  ammonia  ; 
the  precipitate  so  obtained  is  washed,  dried,  and  weighed ;  its 
weight  should  not  be  less  than  1  gramme. 

riiickiger  and  Hanbury  also  recommend  a  good  process  Phar- 
macographia,'  p.  59). 

SUGAR. 

The  qualitative  test  for  sugar,  by  means  of  an  alkaline  copper 
solution  (vide  p.  458),  may  be  applied  in  the  estimation  of  sugar 
in  sacchariferous  substances. 

Process, — 34*64  grammes  of  pure  dry  crystals  of  ordinary  sul- 
phate of  copper  are  dissolved  in  about  250  c.  c.  of  distilled  water. 
173  grammes  of  pure  crystals  of  the  double  tartrate  of  potassium 
and  sodium  are  dissolved  in  480  c.  c.  of  solution  of  caustic  soda 
of  sp.  gr.  1*14.  The  solutions  are  mixed  and  water  added  to 
1  litre.  100  c.  c.  of  this  solution  represent  3*464  grammes  of 
sulphate  of  copper,  and  correspond  to  0*5  of  a  gramme  of  pure 
anhydrous  grape-sugar,  0*475  of  cane-sugar,  or  0*45  of  starch. 
It  must  be  preserved  in  a  well-stoppered  bottle  to  prevent  ab- 
sorption of  carbonic  acid,  and  be  kept  in  a  dark  place.  If  it 
give  a  precipitate  on  boiling,  a  little  solution  of  soda  may  be 
added  in  making  experiments. 

Dissolve  0*475  of  pure  dry  powdered  cane-sugar  in  about 
50  c.  c.  of  water,  convert  into  grape-sugar  by  acidulating  with 
sulphuric  acid  and  boiling  for  an  hour  or  two,  neutralize  with 
carbonate  of  sodium,  and  dilute  to  100  c.  c.  Place  10  c.  c.  of 
the  copper  solution  in  a  small  flask,  dilute  with  three  or  four 
times  its  bulk  of  water,  and  gently  boil.  Into  the  boiling  liquid 
drop  the  solution  of  sugar  from  a  burette,  one  cubic  centimetre, 
or  less,  at  a  time,  until,  after  standing  for  the  precipitate  to  sub- 
side, the  supernatant  liquid  has  just  lost  its  blue  colour ;  10  c.  c.  of 
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the  solution  of  sugar  should  be  required  to  produce  this  effect, 
=  0*0475  of  cane-sugar  or  0*05  of  grape-sugar.  Experiments  on 
pure  cane-sugar  must  be  practised  until  accuracy  is  attained  ; 
syrups,  diabetic  urine,  and  saccharated  substances  containing 
unknown  quantities  of  sugar  may  then  be  analyzed. 

Starch  is  converted  into  grape-sugar  by  gentle  ebullition  with 
dilute  acid  for  eight  or  ten  hours,  the  solution  being  finally 
diluted  so  that  one  part  of  starch,  or  rather  sugar,  shall  be  con- 
tained in  about  150  of  water. 

Saccharometry . — A  generic  term  for  certain  volumetric  opera- 
tions undertaken  with  the  view  of  ascertaining  the  quantity  of 
sugar  present  in  any  matter  in  which  it  may  be  contained. 

Saccharometry  is  frequently  performed  upon  common  syrup 
(Syrupus,  B.  P.)  and  solutions  which  are  known  to  contain 
nothing  but  cane-  (ordinary)  sugar,  the  object  being  merely  to 
ascertain  the  amount  present.  In  such  a  case  it  is  only  neces- 
sary to  take  the  specific  gravity  of  the  liquid  at  60°  P.,  and  then 


refer  to  a 

I  previously  prepared  Table  of 

densities 

and  per- 

centages. 

Specific 

Sugar 

Specific 

Sugar 

Specific 

Sugar 

gravity. 

per  cent. 

gravity. 

per  cent. 

gravity. 

per  cent. 

1-007 

.  1-8 

1-100  . 

.  23-7 

1-210  . 

.  46-2 

1-014 

.  3-5 

1-108  . 

.  25-6 

1-221  . 

.  48-1 

1-022 

.  5-2 

1-116  . 

.  27-6 

1-231  . 

.  50-0 

1-029 

.  7-0 

1-125  . 

.  29-4 

1-242  . 

.  52-1 

1-036 

.  8-7 

1-134  . 

.  31-5 

1-252  . 

.  54-1 

1-044 

.  30-4 

1-143 

.  33-4 

1-261  . 

.  56-0 

1-052 

.  12-4 

1-152 

.  35-2 

1-275  . 

.  58-0 

1-060 

.  14-4 

1-161  . 

.  37-0 

1-286  . 

.  60-1 

1-067 

.  16-3 

1-171  . 

.  38-8 

1-298  . 

.  62-2 

1-075 

.  18-2 

1-180 

,  40-6 

1-309  . 

.  64-4 

1-083 

. .  20-8 

1-190 

. .  42-4 

1-321  . 

.  66-6? 

1-091 

.  .  21-8 

1-199 

..  44-3 

1-330  (b.p.)  66-6? 
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The  sp.  gr.  may  be  taken  by  an  hydrometer,  technically  termed  a 
saccharomeUr,    (The  above  spec,  gravs.  =  1°  to  35°  Eaume.) 

If  a  liqnid  contains  other  substances  besides  cane- sugar,  the 
test  of  specific  gravity  is  of  little  or  no  value.    Advantage  may 
then  be  taken  of  the  fact  that  syrup  causes  right-handed  twisting 
of  a  ray  of  plane  polarized  light  to  an  extent  exactly  propor- 
tionate to  the  amount  of  sugar  in  solution.    The  saccharine  fiuid 
is  placed  in  a  long  tube  having  opaque  sides  and  transparent 
ends;  and  a  ray  of  homogeneous  light,  polarized  by  reflection 
from  a  black-glass  mirror  or  otherwise,  is  sent  through  the 
liquid  and  optically  examined  by  a  plate  of  tourmaline,  Mcol's 
prism,  or  other  polarizing  eyepiece.    Attached  to  the  eyepiece 
is  a  short  arm  which  traverses  a  circle  divided  into  degrees. 
The  eyepiece  and  arm  are  previously  so  adjusted  that  when  the 
ray  is  no  longer  visible  the  arm  points  to  the  zero  of  the  scale  of 
degrees.    The  saccharine  solution,  however,  so  tw^ists  the  ray  as 
to  again  render  it  visible ;  and  the  number  of  degrees  which  the 
eyepiece  has  to  be  rotated  before  the  ray  is  once  more  invisible 
is  exactly  proportionate  to  the  strength  of  the  solution.  The 
value  of  the  degrees  having  been  ascertained  by  direct  experi- 
ment and  the  results  tabulated,  a  reference  to  the  Table  at  once 
indicates  the  percentage  of  sugar  in  the  liquid  under  examina- 
tion.   Grape-sugar  also  possesses  the  property  of  dextral  rotation, 
but  less  powerfully  than  cane-sugar ;  moreover  the  former  variety 
does  not,  like  cane-sugar,  suffer  inversion  of  the  direction  of 
rotation  on  the  addition  of  hydrochloric  acid  to  its  solution — an 
operation  that  furnishes  data  for  ascertaining  the  amounts  of 
cane-  and  of  grape-sugar,  or  of  crystallizable  and  non-crystallizable 
sugar,  present  in  a  mixture.    In  using  the  polariscope  saccharo- 
meter,  it  is  convenient  to  employ  tubes  of  uniform  size,  and  always 
to  operate  at  the  same  temperature. 

Yarious  modes  are  adopted  of  applying,  for  the  purposes  of 
quantitative  analysis,  this  action  of  syrup  on  polarized  light. 
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ALCOHOL. 

Mulder's  process  for  the  determination  of  the  amount  of  alcohol 
in  wines,  beer,  tinctures,  and  other  alcoholic  liquids  containing 
vegetable  matter  is  as  follows: — Take  the  specific  gravity  and 
temperature  of  the  liquid,  and  measure  off  a  certain  quantity 
(100  cubic  centimetres)  ;  evaporate  to  one  half  or  less,  avoiding 
ebullition  in  order  that  particles  of  the  material  may  not  be 
carried  away  by  the  steam.    Dilute  vath  water  to  the  original 
bulk,  and  take  the  specific  gravity  at  the  same  temperature  as 
before.    Of  the  figures  representing  this  latter  specific  gravity, 
all  over  1-000  show  to  what  extent  dissolved  solid  matter  affected 
the  original  specific  gravity  of  the  liquid.    Thus,  the  specific 
gravity  of  a  sample  of  wine  at  15°-5  C.  is  0*9951 ;  evaporated 
till  all  alcohol  is  removed  and  diluted  with  water  to  the  original 
bulk,  the  specific  gravity  at  15°-5  C.  is  1-0081 :  0-0081  repre- 
sents the  gravitating  effect  of  dissolved  solid  matter  in  0*9951  part 
of  original  wine.    0*0081  subtracted  from  0-9951  leaves  0*987, 
which  is  the  specific  gravity  of  the  water  and  alcohol  of  the 
wine.    On  referring  to  a  Table  of  the  strengths  of  diluted  alcohol 
of  different  specific  gravities,  0*987  at  15°*5  C.  is  found  to 
indicate  a  spirit  containing  8  per  cent,  of  real  alcohol.    If  the 
foregoing  operation  be  conducted  in  a  retort,  the  liquid  being  boiled 
and  the  steam  carefully  condensed,  the  distillate,  diluted  with 
water  to  the  original  bulk  of  wine  operated  on,  will  still  more 
accurately  represeut  the  amount  of  w^ater  and  alcohol  in  the 
wine — its  specific  gravity  showing  the  percentage  of  real  alcohol 
present. 


DIALYSIS. 

Dialysis  (from  ^la,  dla,  through,  and  \v(tis^  lusis,  a  loosing  or 
resolving)  is  a  term  applied  by  Graham  to  a  process  of  analysis 
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by  diffusion  througli  a  septum.  The  apparatus  used  in  the  pro- 
cess is  called  a  dialyzer^  and  is  constructed  and  employed  in  the 
following  manner.  The  most  convenient  septum  is  the  com- 
mercial article  known  as  parchment  paper,  made  by  immersing 
unsized  paper  for  a  short  time  in  sulphuric  acid ;  it  is  sold  by 
most  dealers  in  chemical  apparatus.  A  piece  of  this  material  is 
stretched  over  a  gutta-percha  hoop,  and  secured  by  a  second 
external  hoop.  Dialyzers  of  useful  size  are  one  or  two  inches 
deep  and  five  to  ten  inches  wide.  Liquids  to  be  dialyzed  are 
poured  into  the  dialyzer,  which  is  then  floated  in  a  flat  dish  con- 
taining distilled  water. 

The  practical  value  of  dialysis  depends  upon  the  fact  that 
certain  substances  will  diffuse  through  a  given  septum  far  more 
rapidly  than  others.  XJncrystallizable  bodies  diffuse  very  slowly. 
Of  such  matters  as  starch,  gum,  albumen,  and  gelatine,  the  last 
named  is  perhaps  least  diffusive  ;  hence  substances  of  this  class 
are  termed  colloids,  or  bodies  like  collin,  which  is  the  soluble 
form  of  gelatine.  Substances  which  difluse  rapidly  are  mostly 
crystalline  ;  hence  bodies  of  this  class  are  termed  crystalloids. 

Solutions  of  two  parts  of  the  following  named  substances 
in  100  parts  of  distilled  water  were  dialyzed  by  Graham 
for  twenty-four  hours.  The  amounts  of  each  substance  which 
passed  through  the  septum  bore  the  following  relations  to  one 
another  : — 


Chloride  of  sodium 

Ammonia  

Theine  

Salicin  

Cane-sugar  

Amygdalin  

Extract  of  logwood 
Catechu   


1000 
847 
703 
503 
472 
311 
168 
159 
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Extract  of  cocliirieal    51 

Gallo- tannic  acid    30 

Extract  of  litmus    19 

Purified  caramel   5 

Ten  per  cent,  solutions,  under  similar  circumstances,  gave  the 
following  results : — 

Gum  Arabic    4 

Starch-sugar    266 

Cane-sugar   214 

Glycerine   440 

Alcohol    476 

Chloride  of  sodium   1000 


The  phenomena  of  dialysis  show  that  crystalloids  are  superior 
to  colloids  in  affinity  for  water.  If  a  solution  of  chloride  of 
sodium  be  placed  at  the  bottom  of  a  jar,  and  covered  by  a  hot 
solution  of  gelatine  of  sufficient  strength  to  solidify  on  cooling, 
the  chloride  of  sodium  will  diffuse  up  into  the  solid  jelly,  because 
the  water  of  the  solid  jelly  has  a  greater  affinity  for  the  salt  than 
it  has  for  the  gelatine.  The  solid  jelly  may  obviously  be  reduced 
in  thickness,  and  saline  liquids  placed  above  it ;  indeed  the  con- 
ditions would  then  be  still  more  favourable  for  diffusion.  Eeplace 
the  stratum  of  jelly  by  a  permanent  colloid,  such  as  parchment 
paper  ;  the  result  is  the  same  ;  but  the  permanent  character  of  the 
septum  admits  of  its  practical  application. 

Further  researches  on  dialysis  will  probably  throw  much  light 
on  several  important  points  in  connexion  with  physiological  che- 
mistry ;  for  there  is  little  doubt  that  alimentary  matter  passes 
through  the  cell- walls  of  animals  and  plants  by  this  process. 
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QUESTIONS  AND  EXERCISES. 

1051.  Carbonate  of  potassium  is  said  to  lose  16  per  cent,  of 
water  on  exposure  to  a  red  heat ;  give  the  details  of  manipulation 
observed  in  verifying  this  statement. 

1052.  Write  a  few  paragraphs  descriptive  of  the  process  of 
ultimate  organic  analysis. 

1053.  In  what  forms  are  carbon,  hydrogen,  and  nitrogen 
weighed  in  quantitative  analysis  ? 

1054.  In  the  combustion  of  -41  of  a  gramme  of  sugar,  what 
weights  of  products  will  be  obtained? — Ans.  -632  of  carbonic 
acid  gas  (CO J  and  -237  of  water  (11,0). 

1055.  How  is  cinchona  assayed  for  mixed  alkaloids  ? 

1056.  On  what  facts  does  I)e  Yrij  found  his  method  for  the 
separation  and  quantitative  determination  of  all  the  cinchona 
alkaloids  ? 

1057.  Describe  De  Yrij's  process  for  the  assay  of  commercial 
sulphate  of  quinia. 

1058.  Give  the  official  method  for  the  estimation  of  morphia 
in  opium. 

1059.  Mention  the  operations  necessary  for  the  estimation  of 
the  proportion  of  sugar  in  saccharated  carbonate  of  iron,  or  in  a 
specimen  of  diabetic  urine. 

1060.  What  is  understood  by  saccharometry  ? 

1061.  Give  two  processes  for  the  estimation  of  the  percentage 
of  alcohol  in  tinctures,  wines,  or  beer. 

1062.  Define  dialysis. 


CONCLUSION. 

Detailed  instructions  for  the  quantitative  analysis  of  potable 
water/ articles  of  food,  general  technical  products,  special  mine- 
rals, soils,  manures,  air,  illuminating  agents  (including  solid 
fats,  oils,  spirits,  petroleum,  and  gas),  dyes,  and  tanning-materials, 
would  scarcely  be  in  place  in  this  volume. 

The  course  through  which  the  reader  has  been  conducted 
will,  it  is  hoped,  have  taught  the  principles  of  the  science  of 
chemistry,  and  given  special  knowledge  concerning  the  applica- 
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tions  of  that  science  to  medicine  and  pharmacy,  as  well  as  have 
imparted  sufficient  manipulative  skill  to  meet  the  requirements 
of  manufacture  or  analysis.  The  author  would  venture  to  suggest 
that  this  knowledge  be  utilized,  not  only  in  the  way  of  personal 
advantage,  but  in  experimental  researches  on  chemical  subjects 
connected  with  therapeutics  and  pharmacy.  The  discovery  and 
publication  of  a  new  truth,  great  or  small,  is  the  best  means 
whereby  to  aid  in  advancing  the  calling  in  which  we  may  be 
engaged,  benefit  our  fellow  creatures  and  ourselves,  and  glorify 
the  Creator  of  all  things. 
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TABLE  OF  OFFICIAL  TESTS  FOE  IMPUEITIES  IN  PREPARA- 
TIONS OF  THE  BRITISH  PHARMACOPCEIA^. 


Name  of  Preparation. 


Impurities. 


Test. 


Acaciae  Grummi 
Acetum  


Acidum  Acetieum 


Acid.  Acetic.  G-laciale. 
Acidum  Boracicum. 


{ 
\ 

Acidum  Citricum  ,..-( 


Acidum  Gallicum 


Acidum  Hydrochlo-J 


Acidum  Hydrocyani- 
cum  Dilutum   


Acidum  Mtricum  ...s 


Acidum  Oxalicum  , 


Acidum  Phosphori- 
cum  Dilutum   ' 


Starch   

More  than  one  thousandth 

of  Sulphuric  acid. 
Traces  of  Lead  or  Copper.., 
Sulphuric  acid  , 

Hydrochloric  acid   

Sulphurous  acid  

Sulj)hurou8  acid  

Alkaline  salts   

Traces  of  Copper  or  Lead... 

Tartaric  acid   

Tartaric  acid  

Sulphuric  acid  

Mineral  matter   

Tannic  acid   

Sulphuric  acid  

Arsenic  

Sulphurous  acid  

Sulphuric  acid  

Hydrochloric  acid  

Mineral  matter   

Sulphuric  acid  

Hydrochloric  acid  

Mineral  matter   

Lead  or  Platinum   

Sulphuric  acid  

Hydrochloric  acid   

Metaphosphorie  acid  

Nitric  acid   

Phosphorous  acid   


Iodine   , 

Quantitative  analysis  , 

Sulphuretted  Hydrogen   , 

Chloride  or  Nitrate  of  Ba- 
rium  , 

Nitrate  of  Silver  

Nascent  Hydrogen  

Nascent  Hydrogen  

Insolubility  in  Alcohol  

Sulphuretted  Hydrogen   , 

Acetate  of  Potassium  , 

Excess  of  Lime-water   

Chloride  or  Nitrate  of  Ba- 
rium   

Incineration  

(Isinglass)  Grelatine  , 

Chloride  or  Nitrate  of  Ba- 
rium  , 

Sulphuretted  Hydrogen,  j 
Copper    I 

Nascent  Hydrogen  , 

Chloride  or  Nitrate  of  Ba- 
rium   

Ppt.  by  Nitr.  silver,  insol.  in 
nitric  acid  

Evaporation  and  ignition  

Chloride  or  Nitrate  of  Ba- 
rium   

Nitrate  of  Silver  

Incineration  

Sulphuretted  Hydrogen   

Chloride  or  Nitrate  of  Ba- 
rium   

Nitrate  of  Silver  and  Nitric 
acid  

Albumen   

Ferrous  Sulphate  and  Sul- 
phuric acid   

Corrosive  sublimate   


*  The  manipulations  necessary  to  be  observed  in  testing  for  impurities  vsrill  be  found 
described  in  the  paragraphs  treating  of  those  substances.  The  Table  also  includes  refer- 
ences to  processes  for  ascertaining  deficiency  in  strength  of  official  articles. 

The  other  "  characters  and  tests  "  of  pharmacopoeial  compounds  have  been  given  in 
connexion  with  the  respective  synthetical  and  analytical  reactions. 
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l^ame  of  Preparation. 


Impurities. 


Test. 


Acidum  Sulpliuricum 
Acidum  Sulpliurosum 
Acidum  Tannicum 


Mineral  matter  , 

Mtric  acid  

Arsenic  or  Lead  . 
Sulphuric  acid .... 


Acidum  Tartaricum 


Aconitia.. 


Adeps  pr£eparatu3  ... 


^ther   

j^Ether  Aceticus 
^therPurus  ... 


Alcoliol  

Alcohol  Amylieum .. 

Alum  

Ammonia?  Benzoas.. 


Ammoniae  Carbonas 

I 

Ammonite  ISitras  .., 

Ammonii  Chloridum 

Amylum  

Antimonium  JSTigrum. 
Antimonii  Oxidum .... 


Antimonium  Tartara- 
tum. 

Aqua  Aurantii  Florig.. 

f 


Aqua  Destiilata 


Argenti  ISTitras  

Argenti  Oxidum  -| 

Argentum  Purificatum 


Asafoetida   

Atropia  

Atropiaj  Sulphas  

Balsamum  Peruvi- 
anum  


Beberiae  Sulphas  ...... 

Bismuthi  Carbonas.../ 
[ 


Mineral  matter  ...   

Metallic  matter,  as  Lead  . . 

Oxalic  acid   

Calcium  (tartrate  or  suL 
phate). 

Mineral  matter   

Mineral  matter   

Chloride  (of  sodium)  

Starch  (flour)   

Lime   

Alcohol  

Water,  Alcohol   

Alcohol,  Water   

Eesin  or  oil  

Water  

Other  spirituous  matter  .. 

Iron  (sulphate)   

Fixed  salt^   

Fixed  salts   

Sulphate  (of  Ammonium).. 

Chloride  (of  Ammonium).. 
Chloride  (of  Ammonium).. 
Sulphate  (of  Ammonium) . . , 

Fixed  salts   

Alkaline  matter   

Acid  matter  

Silica  

Higher  oxides  of  Antimony 


General  

Metallic  matter(Pb,  Cu,  Sn) 

Fixed  salts   

Tin,  Lead,  or  Copper..., 

Calcium  salts   

Chlorides  

Sulphates  


Carbonates   

Other  nitrates  etc. 
Metallic  silver  


General . 
Co];)per  . 


Earthy  matter . . . 
Mineral  matter 
Mineral  matter 

Fixed  oil   

Alcohol  


Mineral  matter   

IS'itrates    (of  Bismuth  or 

Ammonium). 

Lead  (carbonate)  

Chlorides  (oxychloride  of 

bismuth). 


Evaporation  and  ignition  , 

Ferrous  Sulphate..  

Sulphuretted  Hydrogen   

Chloride  or  Nitrate  of  Ba- 
rium   

Incineration  

Sulphuretted  Hydrogen   

Sulphate  of  Calcium  

Oxalate  of  Ammonium  


Incineration  

Incineration  

Nitrate  of  Silver  

Iodine    

Incineration,  etc.  as  for  gum . 

Boiling-point,  sp.  gravity  

Spec.  grav.  and  boiling-point.. 

Specific  gravity   

Opalescence  on  dilution   

Anhydrous  sulphate  of  Copper 

Boiling-point,  sp.  gravity . 

Yellow  or  red  Prussiate  . 

Non- volatility  

Non-volatility  

Chloride  or  Nitrate  of  Ba- 
rium   

Nitrate  of  Silver  

Nitrate  of  Silver  

Chlor.  or  Nitrate  of  Barium, 

Non-volatility  

Ked  Litmus   

Blue  Litmus  

Insolubility  in  HCl  

Insolubility  in  sol.  of  acid 
tartrate  of  potassium. . . . 

Quantitative  analysis  


Sulphuretted  Hydrogen  . 
Evaporation  and  ignition  . 
Sulphuretted  Hydrogen  . 
Oxalate  of  Ammonium .... 

Nitrate  of  Silver  

Chloride  or  Nitrate  of  Ba- 
rium   

Lime-water   

Quantitative  analysis  etc.. 
Effervescence     with  Nitric 

acid  

Quantitative  analysis  

Ammonia  to  the  Nitric  solu- 
tion   

Incineration  

Incineration  

Incineration  

Immiscibility  with  Alcohol . . 
Non-diminution    of  volmne 
when  mixed  with  water. , 

Incineration  

Sulphate  of  Indigo  


Diluted  Sulphuric  acid . 
Nitrate  of  Silver  
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Bismuthi  oxidum 


Bismuthi  Subnitras... 

Bismuthum  Purifica- 
tum. 

Borax  


Bromum 


Cadnaii  lodidiim  . 


Name  of  Preparation. 


Moisture   ) 

Carbonate  (of  bismuth)... ) 

Lead  compounds  

Chlorides   

Silver  

Lead  (oxynitrate)   

Chlorides   (oxychloride  of 

bismuth). 
Copx^er   


G-eneral . , 
G-eneral . . 


Iodine  

Zinc  (iodide).. 


Calcii  Cbloridum  ...j 

Calais  Carbonas  Prse- 
cipitata  


Calais  Phosphas   

Calx   I 


Calx  Chlorata  . 
Cambogia  


Camphora  

Carbo  Animaiis  Purifi- 
catus. 

Carbo  Ligni   

Catechu  Pallidum   

Cera  Alba  


Cera  Fiava 


Cerii  Oxalas . 


Cetaceum  

Chloral  hydras.. 


Chloroform  . 
Copaiba  


Impurities. 


Heated  it  loses  weight   

Sulphuric  acid  

Nitrate  of  Silver  

HCl  after  elim.of  BiCyAmHO 

Diluted  Sulphuric  acid  

Nitrate  of  Silver  


Ammonia  to  Nitric  solution, . 


Creasotum. . 


General  

Hypochlorite  of  Calcium  .. 

Carbonic  acid   

Alumina,  Oxide  of  Iron,  and 
Phosphates. 

Chlorides   , 

Carbonates  (of  Calcium)  ... 

Alumina  , 

Sand   , 

Carbonate  of  Calcium   , 

Alujaiina,  Oxide  of  Iron,  etc, 


(xeneral  

Starch  

Eice,  flour,  sand,  powdered 
bark. 

Fixed  salts   

Earthy  salts  


More  than  2  per  cent,  of  ash 

Starch   

Soft  Fats   

Soft  Fats   

Eesin  

Flour   


Carbonates  and  other  oxa- 
lates. 

Alumina  


General . 


Soft  Fats   

Free  acid   

Other  organic  bodies 

General  

General  , 

Hydrocarbons   

Non-volatile  matter  . 
Alcohol   

Wood-oil   


Test. 


and 


Quantitative  analysis  

Specific   gravity  (593) 

boiling-point   

Starch   

Potash  in  excess,  then  Sul- 
phydrate  of  Ammonium  ... 

Quantitative  analysis  

Hydrochloric  acid  

Lime-water  

Sacc.  solution  of  lime  to  sol. 

nitric  acid  

Nitrate  of  Silver  

Ejffervescence  with  acids   

Solution  of  potash  

Insolubility  in  acid   

Effervescence  with  acids  

Sace.  sol.  of  lime  to  sol.  in 

acids   

Quantitative  analysis, 

Iodine  (Green)   

Microscope,  after  exhausting 
with  spt.and  with  cold  water 

Non-volatility  

Incineration  (by  help  of  red 
ox.  of  mercury)  ... 

Incineration  

Iodine   

Melting-point  

Melting-point  

Solubility  in  Alcohol 
Insolubility  in  Turpentine, 

Iodine   

Ash  sol.  in  acids  with  effer- 
vescence  

Insolubility  of   Hydrate  in 

Ammonia   , 

More  or  less  than  48  per  cent, 

of  ash  , 

Melting-point  

Litmus-paper   

Sulphuric  acid  

Quantitative  analysis  


Carbolic  acid 


Specific  gravity 
Sulphuric  acid... 

Eesidue  on  evaporation   

Lieben's  test  

Gelatinization  at  270°  P  

Incomplete  solubility  in  Ben- 
zol  

Oxidation  

Non-volatility  at  212°  F  

Dextro-rotation  of  polarized 

ray  

Cry;=tallization  on  cooling 
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Name  of  Preparation. 


Impurities. 


Test. 


Cupri  Sulphas  

Elaterium  | 

Fel  Bovinum  Purifica- 
tum. 

Ferri  Arsenias  | 

Ferri  Carbonas  Sac-  j 
charata   1 


Iron  (ferrous  sulphate).. 

Carbonates  (chalk)   

General  

Mucus,  crude  bile   


Ferri   et  Ammonias 
Citras  

Ferri  et  Quiniae  Ci- 
tras   


Sulphate  (of  sodium).... 

General  

Sulphate  (of  ammonium) . . . 


General  

Tartrate  (of  iron  and  am- 
monium). 


Ferri  Oxidum  Mag- 
neticum  


Ferri  Peroxidum  Hu- 
midum   


Ferri  Phosphas 


General  

Potassium  or  Sodium  (salts) 
Potassium  or  Sodium  (salts) 

General  

Alkaloids  other  than  Quinia 


Metallic  iron  .... 

General  

Ferrous  hydrate . 


Ferri  Sulphas    [ 

Ferri  Sulphas  Granu--| 
lata   \^ 

Ferrum  Eedactum  


Ferric  oxyhydrate  

Arsenicum  (ferri  arsenias). 


General  

Ferric  oxy sulphate.. 
Ferric  compounds  .. 


Ferrum  Tartaratum  .-| 
I 


Glycerinum  .. 
Hydrargyri  lodidum 

Eubrum. 
Hydrargyri  lodidum 

Viride. 
Hydrargyri  Oxidum 

Flavum. 
Hydrargyri  Oxidum  j 
Eubrum..^  ( 

Hydrargyri  Subchlo-  j 

ridum  l 

Hydrargyri  Sulphas  ... 
Hydrargyrum  


Copper  etc  

Less  than  50  per  cent. 
Ferrous  compounds  ... 


Ammoniacal  salts  . 

General  

General  

Fixed  salts  


Nitric  acid  and  ammonia. 
Effervescence  with  acids . 
Quantitative  analysis  .... 
Incomplete     solubility  in 

spirit  

Chloride  or  Nitrate  of  Barium 

Quantitative  analysis   

Chloride  or  Nitrate  of  Ba- 
rium  

Quantitative  analysis   

Ebullition  with  potash  and 
saturation  with  Acetic  acid 

(^KHC^H.Oe)   

Quantitative  analysis  .... 

Alkalinity  of  ash   

Alkalinity  of  ash   

Quantitative  analysis  .... 
Insolubility  of  pptd.  alkaloid 

ether  

Effervescence  with  acids  

Quantitative  analysis   

Red  prussiate  to  acid  solu- 
tion   

Insolubility  in  cold  dil.  Hy- 
drochloric acid   

Slip  of  Copper  in  acid  solu- 
tion   

Quantitative  analysis   

Insolubility  in  Water   

Ppt.  of  S  in  aqueous  sol.  by 

H2S   

Sulphuretted  Hydrogen  . 
Quantitative  analysis  .... 
Red  prussiate  to  acid  solu- 
tion   

Soda   

Quantitative  analysis  .... 

Specific  gravity   

Non- volatility  


Eed  Iodide   

Fixed  salts,  as  NaCl  . 


Insolubility  in  ether.. 
Non-volatility  


Hydrargyrum  Ammo- 

niatum. 
Hydrargyrum.  cum 

Greta. 


Fixed  salts   

Nitrates  (of  mercury) 


Corrosive  Sublimate  

Fixed  salts   

Fixed  salts   

Fixed  metals  (Pb,  Sn,  Zn, 

Bi,  Cu). 
Fixed  salts   


Non- volatility  

Orange  vapour  on  heating  in 

a  tube  

Treatment  with  ether  — 

Non- volatility  

Non- volatility  

Non- volatility  , 


Non- volatility.. 


Mercuric  oxide 


lodum 


Jalapae  Eesina  

Limonis  Succus  ... 

Liquor  Ammonise 


Fixed  salts   

Cyanide  of  Iodine   

General  

Resin  

Deficiency  of  Citric  acid  . 

General  


Stannous  chloride  to  sol.  in 

HCl  

Non- volatility  , 

Physical  characters   

Quantitative  analysis  — 
Solubility  in  Turpentine  . , 

Quantitative  analysis   

Specific  gravity   , 

Quantitative  analysis   
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!N"ame  of  Preparation. 


Impurities. 


Test. 


Page. 


Liquor      Ammoni  se 
Fortior   


General  impurity  or  defiei' 


Calcium  salts  (chloride  etc.) 
Iron    salts    (ferrous  hy- 
drate). 

Sulphur  salts  (AmHS)  


Specific   gravity  (593)  and 

Quantitative  analysis   

Lime-vrater  

Oxalate  of  Ammonium  , 

Sulphydrate  of  Ammonium.., 

Ammonio-sulphate  of  Cop- 


Liq.  Antimonii  Chlo- 

ridi  

Liq.  Arsenicalis   

Liq.  Arsenici  Hydro- 

ehloricus   

Liq.  Bismuthi  et  Am- 

moniae  Cit  

Liq.  Calcis  

Liq.  Calcis  Chloratae. 
Liq.  Calcis  Saccha- 

ratus   

Liquor  Chlori   


Chloride  of  Ammonium 
Sulphate  of  Ammonium 


per  

Nitrate  of  silver  to  acidified 

sol  

Chloride  of  Barium  to  acidi- 


General  impurity  or  defi-  ( 
ciency  \ 


Specific  gravity  . 
Quantitative  ana^ 


Liq.  Ferri  Perchlo- 

ridi  Fort  

Liq.  Ferri  Perni- 

tratis   

Liq.  Ferri  Persul- 

phatis  

Liq.  Hydrargyri  Nit.  f 

Acid   I 

Liq.Lithise  Effervescens 
Liq.  Magnesias  Car-  r 

bonatis    I 

Liq.  Plumbi  Subace-  / 

tatis  t 


Deficiency  in  strength   

(xeneral  impurity  or  de-  f 
ficiency   >- 

G-eneral  quality   

Fixed  matter   

Deficiency  in  strength   


Quantitative  analysis  . . . 

Specific  gravity   

Quantitative  analysis  . . . 

Specific  gravity   

Residue  on  evaporation 
Quantitative  analysis  .... 


Ferrous  salts   

G-eneral  impurity  or  de- 
ficiency   


Liquor  Potassae . 


Liq.  Potassae  Effer- 
vescens   


Liquor  Sodae.. 


Liquor  Sodae  Chlo- 
ratae   


Deficiency  in  strength   

Mercurous  salts  (nitrate)... 
Gen.  impur.  or  deficiency... 

Other  magnesian  salts  

Gen.  impur.  or  deficiency... 
General  impurity  or  de-  f 

ficiency   I 

General  impurity  or  de-  r 

ficiency  1 

Carbonate  of  (potassium)  | 

Calcium  salts  

f  Silica  

MorethanJ^^lP^^*^^^  

traces  of  ]  Chlorides   

\  Alumina   

Deficiency  in  strength   

Bicarbonate  of  Sodium  

General  impurity  or  de-  r 

i   ficiency  \ 

Calcium  salts   

Carbonate  (of  sodium) . . .  | 

/'Silica  

More  than  J  Sulphates  

traces  of  |  Chlorides  

Alumina  

5alts  of  Potassium  or  Am- 
monium. 
General  impurity  or  defi- 


Eed  Prussiate  

Specific  gravity   

Quantitative  analysis., 


Specific  gravity   

Hydroc?iloric  acid  , 

Quantitative  analysis  etc.  . , 
Bitter  taste  (MgC]2MgS04). 
Quantitative  analysis  ........ 

Specific  gravity   

Quantitative  analysis   

Specific  gravity   

Quantitative  analysis   , 

Effervescence  with  acids  

Lime-water  

Oxalate  of  Ammonium  

Insol.  in  acid  after  evap.  etc. . . 
Chloride  of  Barium  to  acid 

sol  

Nitrate  of  silver  to  acid  sol. . . 

Ammonia  to  acid  sol  

Quantitative  analysis   

Tartaric  acid  etc  

Specific  gravity   

Quantitative  analysis   

Oxalate  of  Ammonium  

Effervescence  with  acids  

Lime-water  

Insol.  in  acids  after  evap.  etc. 

BaClt,  to  acid  sol  

AgNOj  to  acid  sol  

Ammonia  to  acid  sol  

Perchloride  of  Platinum  to 

acid  sol   75, 

Quantitative  analysis  .... 


Oxalate  of  Ammonium.. 


2h 
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Name  of  Preparation. 


Impurities. 


Test. 


Liq.  Sodse  Effervescens 

Lithiae  Carbonas . . 

Lithise  Citras  

Lycopodium  


Magnesia   

Magnesia  Levis 


Magnesise  Carbonas. .  _ 
Magnesias  Carb.Levis 


Magnesias  Sulphas . 


Deficiency  in  strength 

G-eneral  impurity  or  defi- 
ciency. 

Calcium  salts   

Alumina  

Deficiency  in  strength 

Starch,  etc  

More  than  5  per  cent, 
mineral  matter   

Carbonate  (of  magnesium). 

Calcium  (hydrate  or  car- 
bonate). 

Sulphates  (of  magnesium  or 
sodium). 

Alumina  

Sulphates   (of  magnesium 
or  sodium). 

Calcium  (carbonate) 


Iron,  Lead,  etc.. 


Quantitative  analysis  . 
Quantitative  analysis  . 


Manna   

Mel  

Morphias  Hydrochloras 

Opium   

Plumbi  Acetas  


Plumbi  Carbonas  ... 


Plumbi  Oxidum  . 


General  impurity  or  defi' 

ciency. 

Calcium  (sulphate)   

Iron  (sulphate)   

(xeneral  impurities  

Deficiency  of  mannite   

Starch  (flour)   

General  impurities  

Deficiency  in  morphia   

General  

Sulphate  of  Lead  or  Barium 

or  Silicates. 
Calcium  (chalk)  


Oxalate  of  j^immonium etc... 

Lime-water  etc  

Quantitative  analysis   

Microscope  

Incineration   

Earthy  matter  sinks  in  CS2. 

Effervescence  v^^ith  acids  

Oxalate  of  Ammonium  to 

acet.  sol  

Chloride  of  Barium  to  acid 

sol.  

Ammonia  to  acid  sol  

Chloride  of  Barium  to  acid 

solution  

Oxalic  Acid  to  Ammoniacal 

solution   

Sulph.  hydrogen  to  sol.  in 

acid  -|-  excess  of  Ammon.. 
Quantitative  analysis   , 


Potassa  Caustica.. 


Carbonates  

Copper  (oxide)  

More  than/ 
traces  of  \g^iphate 


Potassa  Sulph urata  ... 


General  impurities  (vrater 
etc.). 

Excess  of  Carbonate  or 
Sulphate. 

Iron  and  other  metallic  im- 
purities. 

Carbonate  of  Potassium 


Potassas  Biearbonas 


General.. 


Potassas  Carbonas 


...] 


Potassas  Chloras  | 

Potassas  Citras  

Potassas  Nitras   | 

Potassas  Permanganas. 


Silicate   

"refoT-j  sulphate  .., 

1^  Chloride  .., 

General  

Chloride  (of  potassium) 

Calcium  (chloride)  

General  

Sulphate  (of  potassium) 
Chloride  (of  potassium) 
General  


Oxalate  of  Ammonium  

Chlorinated  Lime  or  Soda 

Quantitative  analysis   

Quantitative  analysis   

Iodine   

Quantitative  analysis   

Quantitative  analysis   

Quantitative  analysis   

Insolubility  in  Acetic  acid 

105,  235, 

Oxal.  Ammonium  after  re- 
moving Lead   

Effervescence  with  acids . 

Ammonia  to  acid  solution  ... 

Nitrate  of  silver  to  acid  solu- 
tion   

Chloride  of  Barium  to  acid 
sol  

Quantitative  analysis  .... 


More  than  25  per  cent,  in 

sol.  in  spirit  

Sulphydrate  of  Ammonium, 

Effervescence   with    acids ; 

alkalinity;  insolubility  in 

spirit  

Quantitative  analysis  .... 
Insol.  in  acids  after  evap. 

etc  

Chloride  of  Barium  to  acid 

sol  

Nitrate  of  Silver  to  acid  sol, 

Quantitative  analysis   

Nitrate  of  silver  

Oxalate  of  Ammonium  

Quantitative  analysis   

Chloride  of  Barium  

Nitrate  of  Silver  

Quantitative  analysis   
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I^'ame  of  Preparation. 


Impurities. 


Test. 


Potassae  Sulphas  j 

Potassse  Tartras   \ 

Potassae  Tartr.  Acida ) 

Potassii  Bromidum. , . 

Potassii  Ferridcyani- 
dum. 

Potasgii  lodidum  ... 

Quiniae  Sulphas   j 

Ehei  Eadix   

Santoninum  | 

Sapo  Durus  | 

Sapo  Mollis  I 

Scammoniae  Eesina. . ,  ■< 


Acid  Sulphate  of  Potassium 
Calcium  (sulphate)  

General  


Scammonium  .. 

Sinapis   

Soda  Caustica  ,. 

Soda  Tartarata. . 


Sodae  Arsenias . , 


Sodae  Bicarbonaa.. 


Sodae  Carbonas. . 


Sodae  Hyposulphis  . 
Sodae  H'itras  


Sodas  Phosphas 


Free  bromine   

Iodide  (of  potassium)   

General  

Ferrocyanide    (of  potas 
sium). 

lodate  (of  potassium)   

Chloride  (of  potassium)  ., 
Carbonate  (of  potassium).. 

Saliein   

General  

Turmeric   

Mineral  matter  

Earthy  soaps  etc  

Oil  

Potassium  compounds  

Earthy  soaps  etc  

Oil   

Eesin  of  guaiacum   


Test-paper   

Oxalate  of  Ammoniimi  

Quantitative  analysis  

Odour  

Chlorine-water  and  starch 
Quantitative  analysis  ..... .621 , 

Fei'ric  Salt   


Eesin  of  Jalap   

Carbonate  (of  calcium  and 

magnesium). 

Starch  (flour)   

General  impurities  

Starch  (flour)   

More  than  j  Chloride  , 

traces  of  {  Sulphate  . 


General  impurities  (water 
etc.). 

General  

Acid  or  alkaline  matter  

Sulphates  (sodium  or  cal- 
cium). 

Chlorides  (sodium  or  cal- 
cium). 

Excess  or  deficiency  of  water 

of  crystallization. 

General  ;  

Neutral  Carbonate  (of  so 

dium). 

More  than  (  Chlorides  

traces  of  Sulphates  


General  

Excess    or   deficiency   of  Quantitative  analysis, 

water  of  cryst.  etc. 
More  than  j  Chlorides 

traces  of  Sulphates 


General  

Chloride  (of  sodium).. 
Sulphate  (of  sodium).. 


More  than  trace  of  Sulphate 


Tartaric  acid  and  starch  . 

Mtrate  of  Silver  etc  

).  solution  of  Lime  .... 

Sulphuric  acid  , 

Quantitative  analysis  

Boracic  acid  

Incineration  

Insolubility  in  spirit  

Oily  stain  to  paper  

Deliquescence  of  ash  

Insolubility  in  sjDirit  

Oily  stain  to  paper  

Inner    surface    of  Potato- 
paring  

Insolubility  in  ether  

Effervescence  with  acids  . 


Solution  of  Iodine  

Quantitative  analysis  

Solution  of  Iodine  

Nitrate  of  Silver  to  acid  sol. 
Chloride  of  Barium  to  acid 


Quantitative  analysis. . 


Quantitative  analysis  

Test-paper   

Chloride  of  Barium  to  acid 

sol  

Nitrate  of  Silver  to  acid  sol 


Quantitative  analysis. . 

Quantitative  analysis.. 
Mercuric  chloride   


Nitrate  of  Silver  to  acid  sol 
Chloride  of  Barium  to  acid 

sol  

Quantitative  analysis 


Nitrate  of  Silver  to  acid  sol 
Chloride  of  Barium  to  acid 
sol, 

Quantitative  analysis. 
Nitrate  of  Silver 
Chloride  or  Nitrate  of  Ba- 
rium 

Chloride  or  Nitrate  of  Barium 
to  acid  sol. 

Deficiency   or   excess    of  Quantitative  analysis, 
water  of  cryst. 
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Name  of  Preparation. 


Sodae  Sulphas  . 


Sodae  Valerianas . 


Impurities. 


Ammonium  salts  

Ferric  salts   

General  

Excess    or    deficiency  < 

water  of  cryst. 
Free  soda  or  carbonate... 

General  

More  than  trace  of  acid 


Solution  of  potash  heated. . .  | 


Quantitative  £ 
Quantitative  analysis.. 


Spiritus  -aStheris  Ni- 
trosi   


Free  acid  . 


Spiritus    Ammonio-  ^ 

Aromat   r 

Spiritus  Chloroformi  ) 

Spiritus  Eectificatus  < 


Deficiency  of  nitrite  of  ethyl 


Spiritus  Tenuior . 
Strychnia   


Sulphur 
turn  


Prsecipita-  ^ 
 5 


Test. 


Test-papers  

Insolubility  in  spirit  

Specific  gravity  

Effervescence  with  bicar- 
bonate of  sodium   

More  than  "  feeble "  effer- 
vescence with  bicarbonate 
of  sodium   

Quantitative  analysis  


General  

General  (excess  of  water). . 

Eesin  or  oil  

More  than  traces  of  fusel 
oil  etc. 

General  (excess  of  water) . . . 

Brucia   

Mineral  matter   


Specific  gravity 


f^pecific  gravity   

Opalescence  on  dilution 
Nitrate  of  Silver  


Sulphate  of  Calcium  , 


Sulphur  Sublimatum-^ 


Sulphuris  lodidum. . 

Syrupi   

Tamarindus  

Veratria  


Zinci  Aeetas , 


171 

663 
670 


405 
593 


350 


350 
483 


592 
477 


Earthy  matter  

Trace  of  Acid  (H2SO4 

H2SO3). 
Sulphide  of  Arsenicum  . . 

Deficiency  of  Iodine  

Deficiency  of  Sugar   

Traces  of  Copper  

Mineral  matter   

Sulphates  


Zinci  Carbonas 


Chlorides   

Metals  (As,  Cd,  Cu,  Pb) 

Iron  (acetate)   

Copper  (acetate)  

Sulphates  


Zinci  Chloridum . 


Chlorides   

Copper  (carbonate)   

Metals  (As,  Cd,  Cu,  Pb)  . 
Sulphates  


Zinci  Oiiduin  , 


Zinci  Sulphas 


Calcium  (chloride)  

Ferrous  salts  ("chloride)  

Ferric  salts  (chloride)   

Carbonate  (of  zinc)  

Sulphates  (sodium  or  zinc). 


Chlorides   

Copper  (oxide)  

Metals  CAs,  Cd,  Cu,  Pb) 
Iron  (sulphate)   


Zinci  Valerianas . . 


Copper  (sulphate)  . 
Sulphate  (of  zinc)  , 

Butyrate  (of  zinc)  , 


^Specific  gravity   

Nitric  acid   

Incineration  

Appearance    under  mic 

scope   

Eesidue  on  ignition   

Incineration  

Litmus-paper   

Ammonia  

Quantitative  analysis  

Specific  gravity   

Iron   

Incineration  

Chloride  or  Nitrate  of  Ba- 
rium   

Nitrate  of  Silver  

Sulphuretted  Hydrogen  , 

Nitric  Acid ;  Ammonia  

Ammonia   

Chloride  or  Nitrate  of  Barium 

to  acid  sol  

Nitrate  of  Silver  to  acid  sol... 
Ammonia  to  acid  solution  ... 

Sulphuretted  Hydrogen   

Chloride  or  Nitrate,  of  Ba- 
rium   

Oxalate  of  Ammonium  

Ferridcyanide  of  Potassium . 
Ferrocyanide  of  Potassium... 

Effervescence  with  acids  

Chloride  or  Nitrate  of  Barium 

to  acid  sol  

Nitrate  of  Silver  to  acid  sol.. 
Ammonia  to  acid  solution  .. 

ulphuretted  Hydrogen   

Tincture  of  galls  

Nitric  acid ;  Ammonia  

Ammonia   

Chloride  or  Nitrate  of  Ba- 
rium   

Acetate  of  Copper  etc  


475 
439 
102 


338 
102 
95 

189 

303 
535 
209 
102 

346 
298 
285 
173 


346 
298 
209 
285 

346 
118 
169 
171 
350 

346 
298 
209 
298 
400 
173 
209 

346 
405 
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THE  ELEMENTS. 


Aluminium  (Al^^^)   

Antimony  (Sb"i)  

Arsenicum  (As^^^)  

Barium  

Beryllium  (or  Glucinum)  . 

Bismuth  (Bi"i)  

Boron   

Bromine  (79'75,  stas)   

Cadmium  

Caesium  

Calcium  

Carbon  (C")  

Cerium  (Ce")   

Chlorine  (35-368,  stas)  

Chromium  (Cr/i)  

Cobalt  (Co").:  

Copper  , 

Didymium  

Erbium?   

Eluorine   

Glucinum,  see  Beryllium  .  , 

Gold  (Aui)   

Hydrogen.  

Indium  

Iodine  (l28-533,Stas)  

Iridium  

Iron  (Ee"  &  Ee/i)   

Lauthanium  

Lead(Pb")   

Lithium  (7-oo4,  stas)  

Magnesium   

Manganese  (Mn"  &  Mn^^') 

Mercury   

Molybdenum  

mckel  (Ni")  


Symbol 

and 
atomic 
value. 


Al^^ 

Sb^ 

As^ 

Ba" 

Bell 

Biv 

Bill 

Bri 

Cd" 

Csi 

Ca" 

Civ 

Cevi 

Cli 

Crvi 

Co^i 
Cull 

Eb" 
pi 

Auiii 
HI 
In^i 
II 

Iriv 

Ee^i 

Lii 

Pbi^ 

Lii 

Mgii 

Mn^i 

Hgii 

Mo^i 

Ni^i 


APPENDIX. 


703 


The  Elements  (continued). 


Symbol 

and 
atomic 
value. 


Niobium   

Nitrogen  (N^  &  W^^)  (i4-oo9,  stas) 

Osmium  

Oxygen  (15'96,  stas)  

Palladium  

Phosphorus  (P"i)  

Platinum  (197-88,  Andrews)   

Potassium  (39-04,  stas)  

Phodium   

Pubidium  

Puthenium   

Selenium   

Silicon   

Silver  (i07-66,  stas)   

Sodium  (22-98,  stas)  

Strontium  

Sulphur  (S"  &  Si^)   

Tantalum   

Tellurium  

Thallium  (203,  Crookes)   

Thorinum  or  Thorium  

Tin  (Snii)  

Titanium   

Tungsten   

Uranium   

Vanadium  

Yttrium  

Zinc  

Zirconium  

Total  63. 


Nb^ 

Os^v 
Oil 
Pdiy 
pv 

Ptiv 

Phi^ 

Pbi 

Puiv 

Se^i 

Siiv 

Agi 

Na^ 

Srii 

S^i 

Ta^ 

Xevi 

Tim 

Thii 

Sn^^ 

Tiiv 

XJYI 

yv 
yii 

Znii 
Zriv 


The  quantivalence  or  atomic  value  of  some  elements  is,  apparently,  variable : 
in  the  above  Table  the  full  coefficients  are  given  in  the  column  of  symbols, 
other  common  values  in  brackets. 

Atomic  weights  are  sometimes  obscurely  termed  equivalents. 


INDEX. 


Abies  halsamea,  521,  527. 

excelsa,  526. 
Ahrus  precatorius,  469. 
Absinthol,  520. 
Absolute  alcohol,  476,  592. 
Acacia  catechu,  400. 

„     smna,  400. 
AcacicB  gummi,  117. 

„     gummi,  impurities  in,  693. 
Acetate  of  ammonium,  solution  of,  91. 
amyl,  496. 
„      copper,  208. 
ethyl,  334,  484. 
iron,  158,  334. 
lead,  230. 
,,      morphia,  427. 

potassium,  65. 
„      sodium,  80. 
zinc,  139. 
Acetates,  330. 

„       analytical   reactions  of, 
333. 

, ,       decomposition  of  aqueous 
solutions  of,  332. 
volumetric  estimation  of, 
619. 

Acetic  acid,  330,  515. 

ether,  334. 

glacial,  332,  592. 

volumetric  estimation  of 
free,  619. 
Acetic  ether,  484. 
Acetone,  334. 

Acetonitrate  of  barium,  131. 
Acetum,  331. 

„      cantharidis,  331. 

impurities  in,  693. 

sciUcB,  331. 
Acetyl,  331. 

Acid,  acetic,  330,  515,  592. 
„    acetic,  glacial,  332,  592. 
„    aconitic,  362. 
„    angelic,  518. 
„    arachidic,  515. 


Acid,  arsenic,  180. 
arsenious,  178. 
benzoic,  374. 
boracic,  371. 
bromic,  73,  329. 
butyric,  405,  515. 
camphoretic,  523. 
camphoric,  523. 
cantharidic,  523. 
caproic,  515. 
capryHc,  515. 
carbazotic,  500. 
carbolic,  499. 
carbonic,  21,  348. 
carminic,  376. 
catechuic,  400. 
cathartic,  465. 
cathartogenic,  466. 
cerotic,  513,  515. 
cetraric,  376. 
chloric,  116,  324. 
cholalic,  512. 
chromic,  263. 
chrysammic,  500. 
chrysophanic,  376. 
cinnamic,  376,  529. 
citric,  361. 
colopholic,  525. 
colophonic,  525. 
copaivic,  526. 
cresylic,  499. 
crotonic,  495. 
cryptophanic,  554. 
cuminic,  520. 
cyanic,  377. 
dextroracemic,  357. 
dextrotartaric,  357. 
dithionic,  386. 
equisetic,  362. 
erucic,  515. 

ethylsulphuric,  476,  481. 
eugenic,  519. 
ferulaic,  527. 
filicic,  514. 

2i 
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Acid,  fluoric,  383. 
„    formic,  377,  515. 
,,    gallic,  401. 
„    gambogic,  528. 
„    gaultheric,  496. 
„    glacial  acetic,  332. 

glacial  phosphoric,  368. 
guaiaretinic,  469. 
„    gummic,  454. 
„    hemidesmic,  378. 
„    hippiiric,  378,  561. 
„    hydriodic,  302. 
„    hydrobromic,  299. 
„    hydrochloric,  20,  294. 
„    hydrochloric,  common,  295. 
„    hydrochloric,  dilute,  295. 
„    hydrocyanic,  308,  464. 
,,    hydrocyanic,  dilute,  310. 

hydroferridcyanic,  380. 
„    hydroferrocyanic,  379. 

hydrofluoric,  382. 
„    hydrosulphuric,  335. 
„    hypochlorous,  116,  324. 
„    hypophosphorous,  383. 
„    hyposulphurous,  385. 
„    iodic,  329. 
„    jalapic,  470. 
„    lactic,  388.^ 
„    l^evoracemic,  357. 
„    lEevotartaric,  357. 
„    larixinic,  401. 
„    lauric,  515. 
„    lithic,  403. 
,,    lupulinic,  527. 
„    malic,  388. 
„    mastichic,  526. 
„    meconic,  389. 
melissic,  515. 
metaboracic,  371. 
„    metagummic,  454. 

metantimonic,  195. 
„    metaphosphoric,    368,  385, 
390. 

„    metastannic,  268. 

„    mimotannic,  400. 

„    mucic,  463. 

„    myristic,  515. 

„    myrrhic,  528. 

„    naphthalic,  375. 

,,    nitric,  315. 

,,    nitric,  dilute,  319. 

„    nitrohydrochloric,  202,  319. 


Acid,  nitrohydrochloric,  dilute,  202, 
319. 

„    nitrous,  320,  391. 
,,    oenanthylic,  515. 
„    oleic,  511, 
„    orthophosphoric,  392. 
„    oxalic,  352. 

paljuitic,  515. 
„    paratartaric,  357. 
„    pelargonic,  515. 
„    pentathionic,  386. 
„    perchloric,  116,  327. 
„    phenic,  499. 

„    phosphomolybdic,  370,  551. 

,,    phosphoric,  15,  365. 

,,    phosphoric,  dilute,  367. 

„    phosphorous,  392. 

„    phthalic,  375. 

„_  picric,  500. 

„    pimaric,  525. 

pinic,  525. 
„    polygalic,  472. 
,,    proprionic,  515. 
„    prussic,  308. 
,,    pyrogallic,  402. 
„    pyroligenous,  330. 
,,    pyrophosphoric,  368,  393. 
,,    racemic,  357. 
„    rheic,  377. 
,,    rhubarbaric,  377. 

rutic,  515. 
„    saccharic,  463. 
„    salicyclic,  496. 

salicylous,  496. 
,,    sarcolactic,  388. 
,,    silicic,  395. 
„    solution  of  arsenic,  178. 
,,    stannic,  268. 

stearic,  511,  515. 
,,    succinic,  396. 
„    sulpbethylic,  480. 

sulphindigotic,  322. 
,,    sulphindylic,  322. 
„    sulphocarbolic,  500. 
„    sulphocyanic,  397- 
,,    sulphophenic,  500. 
„    sulphovinic,  346,  480. 
,,    sulphuric,  343. 

sulphuric,  aromatic,  346. 
,,    sulphuric,  dilute,  345. 
„    sulphurous,  21,  340. 
„    sulphydric,  335. 


INDEX. 


707 


Acid,  sylvic,  525. 

„    tannic,  398. 

„    tartaric,  355. 

„    tetrathiolic,  386. 

„    tigiic,  514. 

trinitrocarbolic,  499. 

5,    trithionic,  386. 

„    uric,  402,  559. 

„    valerianic,  404,  515. 

,,    vanillic,  406. 
Acid  carbonate  of  potassium,  66. 

„    carbonate  of  sodium,  80. 

„    salts,  68,  336. 

„    solution  of  arsenic,  179. 

,,    tartrate  of  potassium,  57,  75, 
355. 

Acidimetry,  619. 

Acids,  analytical  detection  of,  411. 
„     antidotes  to,  293. 
„     definition  of,  291. 
„     of  chlorine,  327. 
,,     quantitative    estimation  of, 
617. 

volumetric  estimation  of  offi- 
cial, 619. 

Acidulous  radicals,  formulae  and 
quanti valence  of,  61, 
127,  292,  293. 

„       radicals,  qualitative  detec- 
tion of,  407. 
radicals,  quantitative  esti- 
mation of  salts  of,  658. 

,,  radicals,  tables  to  aid  in 
the  detection  of,  410, 
411. 

Acidum  aceticum,  332. 

„  aceticum,  impurities  in,  693. 
„     aceticum  diliitum,  332. 

aceticum  glaciale,  332. 
„     aceticum  glaciate,  impurities 

in,  693. 
,,     arseniosuon,  178. 
,,     henzoicum,  374. 

boracicum,  impurities  in,  693. 

carbolicum,  499. 
„     chromicum,  263. 
„     citricum,  361. 
„     citricum,  impurities  in,  693. 
,,     gallicum,  401. 
,,     gaJbUeum,  impurities  in,  693. 
,,     Jiydriodicum  dilutum,  303, 
„     hydrochloricum,  20,  294. 


Acidum  hydrochloricum,  impurities 
in,  693. 

,,     hydrochloricum  dilutum, 
295. 

,,     hydrocyanicum  dilutum, 
310. 

„     hydrocyanicum  dilutum,  im- 
purities in,  693. 

„     nitricum,  318. 

,,     nitricum,  impurities  in,  693. 

,,     nitricum  dilutum,  319. 

„     nitro-hydrochloricum  dilu- 
tum, 202,  319. 

„     oxalicum,  impurities  in,  693. 

„     phosphoricum  dilutum,  367. 

„     'phos'phoricum  dilutum,  im- 
purities in,  693. 

„     sul'phuricum,  345. 

,,     siilphuricum,  imparities  in, 
694. 

„     siilphuricum  aromaticum, 
346. 

,,     sidphuricum  dilutum,  345. 

„      sulphurosum,  341. 

,,     sulphurosum,  impurities  in, 

694.  ' 
„     tannicum,  398. 

tannicum,  impurities  in,  694. 
,,     tartaricum,  356. 
„     tartaricicm,\m^\xY\.tiQ%  in, 694. 
Acipenser,  508. 
Aconiti  ferocis  radix,  441. 
„    folia,  440. 
„     heterophylli  radix,  441. 
,,     radix,  440. 
Aconitia,  440. 

,,       impurities  in,  694. 
Aconitic  acid,  362. 
Aconitina,  440. 
Aconitine,  440, 
Aconitum  ferox,  441 . 

heterophyllum,  441. 
,,      napellus,  440. 
Acorin,  521. 
Acorus  calamus,  521. 
Acrinyl  sulphocyanate,  501. 
Acrolein,  503. 
Adeps  bemoatus,  512. 
,,     prceparatus,  512. 
,,     prceparatus,  impurities  in, 694. 
Advice  to  students,  xi. 
^gle  Marmelos,  400. 

2  i2 
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Aerated  bread,  460. 

,,      water,  83. 
Mther,  479. 

impurities  in,  694. 
,,     aceticus,  484. 

aceticus,  impurities  in,  694. 
purus,  482. 
„     pur  us,  impurities  in,  694. 
Affinity,  chemical,  30. 

„      units  of,  50,  127. 
Agate,  395. 

Air,  composition  of,  17. 

influence  of  animals  and  plants 
on,  9. 

„   nitrogen  in  the,  15. 
,,   oxygen  in  the,  4. 

relative  weight  of  the,  17. 
,,   weight  of  1  cubic  cent.,  599. 
„   weight  of  100  cub.  inches,  599. 
Ajwain  oil,  518. 
Alabaster,  107. 
Alant  camphor,  520. 
Albumen,  504. 

, ,       detection  of,  in  urine,  554. 
„       vegetable,  507. 
Albumen  ovi,  504. 
Albumenoid  substances,  504,  507. 
Alchemy,  2. 

Alcohol,  absolute,  476,  578,  592. 
„      amylic,  495. 
„      and  allied  bodies,  474  et  seq. 
benzylic,  529. 
butylic,  405. 
cinnamic,  529. 
„      ethylic,  474. 
„       from  sugar,  474. 

glyceric,  502. 
„      in  100  parts  of  spirits  of 
different  densities,  Table 
showing  the  proportion 
of,  576  in  2nd  edition, 
methylic,  487. 
phenic,  499. 
„       quantitative  estimation  of, 
623. 
radicals,  486. 
„      real,  476. 

test  for  impurities  in,  694. 
,,      test  for  purity  of,  623. 
Alcohol  amylicum,  495. 

„  amylicum,  impurities  in,  694. 
Alcoholates  of  chloral,  495. 


Alcohols,  485. 
Alcoholometer,  594. 
Aldehyd,  477. 

benzoic,  375. 
cinnamic,  519. 
5,       euodic,  521. 

lauric,  521. 
,,       rutic,  521. 
Aldehyds,  487. 

,,        aromatic,  517. 
Ale,  453. 

Alexandrian  senna,  465. 
Algaroth's  powder,  194. 
Alizarin,  532. 

Alkalies,  analytical  separation  of  the, 
102. 

,,      antidotes  to,  293. 
,,       quantitative  estimation  of 
the,  607. 
Alkalimetry,  615. 

Alkaline  carbonates,  volumetric  esti- 
mation of  the,  614. 
,,       earths,  131. 
,,       solution  of  arsenic,  179. 
Alkaloids,  424. 

,,         antidotes  to  the,  427. 
,,         distinguished,  426. 
,,         nomenclature  of,  426. 
,,         poisonous,  examination 
for,  549  et  seq. 

Alkanet,  531. 
Alkanna  tinctoria,  531. 
Allotropic  bodies,  455. 
AUotropy,  454. 
Alloxan,  403. 
Alloy,  213. 

Alloys,  analysis  of,  422. 
Allyl,  501.  _ 

,,    cyanide,  502. 

,,    sulphide,  501. 

,,    sulphocyanate,  501,  521. 
Almond-oil,  514. 
Almonds,  oil  of  bitter,  464,  518. 

„       oil  of  bitter,  test  for  nitro- 
benzol  in,  465. 
Aloe  harhadensis,  500. 

,,   socotrina,  500. 
Aloes,  500. 
Aloins,  500. 
AUtonia  scholar  is,  448. 
Altlicea  officinalis,  454. 
Alum,  144. 
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Alum,  cake,  145. 

„     chrome-,  145,  262. 

dried,  145. 
„  -flour,  145. 
„      impurities  in,  694. 

iron-,  145. 
J,     potash-,  144. 
,,      roche  or  rock,  145. 
„      soda-,  145. 
Alumen,  144. 

,,      exsiccatum,  145. 
Alumina,  146. 
Aluminium,  143. 

,,  analytical  reactions 

of,  146. 
„  and  ammonium,  sul- 

phate of,  144. 
„  and  sodium,  double 

chloride  of,  144. 
„  bronze,  144. 

„  derivation  of  word, 

23. 

„  detection  of,  in  pre- 

sence of  iron  and 
zinc,  173. 
„  hydrate,  146. 

„  oxide,  145. 

„  quantitative  estima- 

tion of,  647. 
separation  of,  from 
chromium  and 
iron,  265. 
„  silicate,  144. 

„  sulphate,  145. 

Amalgam,  213. 

,,       ammonium,  90. 
Amber,  396. 

oil  of,  396. 
American  turpentine,  522. 
Amianth,  395. 

Amido-chloride  of  mercury,  224. 
Amines,  425. 
Ammonia,  90,  91. 

„  detected  by  Nessler  test, 
611. 

fetid  spirit  of,  93. 

,,       gas,  composition  of,  91. 

,,  gas  in  solutions  of  ammo- 
nia of  different  densi- 
ties. Table  showing  the 
amount  of,  574  in  2nd 
edit. 


Ammonia  in  drinking  water,  611. 
,,       preparation  of,  90. 
,,       solution  of,  91. 
„       solution  of  sulphide  of, 
96. 

,,       volcanic,  89. 
„       volumetric  estimation  of 
solutions  of,  610. 
Ammoniacal  liquor,  89. 

,,        salts,  sources  of,  89. 
Ammoniacum,  527. 
Ammonice  acetatis  liquor,  92. 

,,       aromaticus,  spiritus,  93. 

henzoas,  94,  375. 
„      henzoas,   impurities  in, 
694. 

,,      carbonas,  92. 

carbonas,  impurities  in, 
694. 

,,      citratis,  liquor,  94. 
,,      foetidus,  spiritus,  94. 
„      fortior,  liquor,  91. 
,,       liquor,  91. 
„      nitras,  93. 

„      nitras,  impurities  in,  628. 
,,      jphosphas,  94. 
,,      sulphas,  89. 
Ammoniated  mercury,  224. 

,,       varieties  of, 
224. 

Ammonii  bromidum,  94,  300. 
,,       chloridum,  89. 
,,       chloridum,  impurities  in, 
694. 

Ammonio-chloride  of  mercury,  224. 
,,       -citrate  of  iron,  161. 
,,       -magnesian  phosphate,  125, 
358. 

„      -nitrate  of  silver,  190,  225. 
,,       -sulphate  of  copper,  190. 
„       -sulphate  of  magnesium, 
607. 

,,       -tartrate  of  iron,  161. 
Ammonium,  88. 

„  acetate,  91. 

,,  -amalgam,  90. 

„  analytical  reactions 

of,  98. 

,,  and  magnesium, 

arseniate,  125. 
and  magnesium, 
phosphate,  125. 
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Ammonium  and  platinum  double 
chloride,  99,  274. 
arseniate,  180. 
„  benzoate,  94,  375. 

„  bicarbonate,  92. 

bromide,  94,  300. 
carbamate,  92. 
carbonate^  92. 
carbonate,  solution 
of,  92. 
„  chloride,  89. 

citrate,  94. 
„  cyanate,  377. 

derivation  of  word, 
23. 

„  derivatives,  225. 

„  hydrate,  91. 

iodide,  300. 
molybdate,  370. 
„  nitrate,  93. 

oxalate,  94. 
,,  phosphate,  94. 

„  potassium   and  so- 

dium, separation 
of,  102. 
quantitative  estima- 
tion of,  641. 
salts,  source  of,  89. 
„  salts,    volatility  of, 

100. 

„  sulphate,  89. 

sulphide,  96. 
sulphydrate,  96. 
tartrate,  99. 
„  volumetric  estima- 

tion of  carbonate 
of,  611. 

Amomum  melegueta,  520. 
Amorphous,  meaning  of,  199. 

,,         phosphorus,  366. 
Amygdala  amara,  464,  514. 

„       dtdcis,  464,  514. 
Amygdalin,  464. 
Amyl,  486. 

acetate,  496. 
„     nitrite,  496. 
„     valerianate,  496. 
Amylaceous  substances,  449. 
Amylamine,  426. 
Amylic  alcohol,  495. 
Amy  htm,  449. 

„      impurities  in,  694. 


Amyrin,  527. 

Analogies  betvreen  chlorine,  bromine, 

and  iodine,  302,  307. 
Analogy  of  sodium-  and  potassium - 

salts,  86. 
Analysis,  57,  74,  100. 

blowpipe,  140. 
gas-,  402,  538. 
gravimetric,  571,  635. 
meaning  of  word,  57. 
organic,  671. 
practical,  100. 
proximate,  671. 
qualitative,  100,  414. 
quantitative,  571,  605. 
spectrum-,  539. 
systematic,  for  the  detec- 
tion and  separation  of 
the  metals,  102, 129, 172, 
201,  205,  243,  245,  286. 
„       ultimate,  671. 

volumetric,  606. 
„       of  gases  and  vapours,  538. 
„       of  insoluble  salts,  418  et 
seq. 

„       of  medicines,  538. 

of  salts,  414. 
„       of  substances  having  un- 
known properties,  536. 
Analytical  chemists,  2. 

„        detection  of  the  acidulous 
radicals  of  salts  soluble 
in  water,  407. 
memoranda,  287,  409. 
Analytical  reactions  of 
acetates,  333. 
albumen,  504. 
alcohol,  476. 
aldehyd,  478. 
aluminium,  146. 
ammonium,  98. 
amygdalin,  465. 
antimony,  198,  542. 
arsenicum,  182,  542. 
atropia,  442. 
barium,  105. 
beberia,  443. 
benzoates,  376. 
berberia,  443. 
bile,  512. 
bismuth,  281. 
borates,  373. 
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Analytical  reactions  of 

bromides,  300. 
brucia,  439. 
cadmium,  276. 
caffeia,  447. 
calcium,  118. 
carbonates,  350. 
chloral  hydrate,  494. 
chlorates,  327. 
chlorides,  298. 
chromates,  264. 
chromium,  264. 
citrates,  363. 
cobalt,  257. 
conia,  444. 
copper,  208. 
cyanides,  312. 
ferric  salts,  170. 
ferridcyanides,  381. 
ferrocyanides,  379. 
ferrous  salts,  169. 
fluorides,  382. 
formates,  378. 
gallic  acid,  402. 
giucosides,  464. 
glycerine,  503. 
gold,  272. 
guaiacin,  469. 
hippurates,  378. 
hydrocyanic  acid,312,514. 
hypochlorites,  325. 
hypophosphites,  385. 
hyposulphites,  387. 
iodides,  304, 
iron,  169. 
lactates,  388. 
lead,  234. 
lithates,  403. 
lithium,  251. 
magnesium,  124. 
malates,  388. 
manganese,  255. 
meconates,  389. 
mercuric  salts,  223. 
mercurous  salts,  223,  226. 
metaphosphates,  390. 
morphia,  428. 
nickel,  259. 
nicotia,  446. 
nitrates,  320. 
nitrites,  391. 
nitrous  ether,  483. 


Analytical  reactions  of 

oxalates,  353. 

phosphates,  368. 

phosphites,  393. 

platinum,  274. 

potassium,  74. 

pyrogallic  acid,  402. 

pyrophosphates,  394. 

quinia,  433. 

salicin,  471. 

silicates,  395. 

silver,  240. 

sodium,  86. 

starch,  450. 

strontium,  251. 

strychnia,  438. 

succinates,  397. 

sugar,  458. 

sulphates,  346. 

sulphides,  339. 

sulphites,  341. 

sulphocyanates,  397. 

tannic  acid,  399. 

tartrates,  359. 

theia,  447. 

tin,  268. 

urates,  403. 

veratria,  447. 

zinc,  141. 
Anamirta  cocculus,  471. 
Anchusa  tinctoria,  531. 
Anchusin,  531. 

Andrographis  paniculata,  448. 
Androjpogo7i  citratus,  522. 

nardus,  520. 
,,        schoenanthus,  520. 
Aneroid  barometer,  573. 
Anethene,  518. 
Anethol,  518. 
Angelic  acid,  518. 

,,     powder,  194. 
Angelica,  528. 
Anhydride,  acetic,  332. 

antimonic,  195. 
antimonious,  195. 
boracic,  372, 
carbonic,  349. 
chlorochromic,  264, 
chromic,  263. 
nitric,  321. 
nitrous,  321. 
phosphoric,  15,  367. 
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Anhydride,  silicic,  395. 

sulphuric,  346. 
„        sulphurous,  340. 
Anhydrides,  82,  334. 
Anhydrous  bodies,  82. 

nitric  acid,  319. 
„        perchloride  of  iron,  164. 
„        sulphate  of  copper,  208. 
Aniline,  499. 

„  colours,  534. 
Animal  charcoal,  114. 

„      charcoal,  decolorizing  power 

of,  115. 
„      rouge,  376. 
Animals  and  plants,  complementary 

action  of  air,  9. 
Aniseed- oil,  518, 
Anise-fruit,  518. 
Annatto,  531. 
Anthemidis  flores,  448,  518. 
Anthe^nis  nohilis,  518. 
Anthracen,  501. 
Anthracite,  266. 
Antichlor,  341, 
Antidotes  to  acids,  293. 

„  alkalies,  293. 

„  alkaloids,  427. 

„  antimony,  200. 

,,  arsenic,  190. 

barium,  106. 
„  carbolic  acid,  499. 

„  copper,  210. 

,,  cyanides,  313. 

„  hydrochloric  acid, 

298. 

„  hydrocyanic  acid, 

313. 
lead,  241. 
mercury,  228. 
„  nitric  acid,  323. 

,,  oxalic  acid,  353. 

silver,  241. 
„  sulphuric  acid,  437. 

tin,  270. 
„  zinc,  142. 

Antimonial  wine,  196. 
Antimoniate  of  potassium,  87. 

,,  sodium,  87. 

Antimonic  anhydride,  195. 
„        chloride,  194. 
„        oxide,  195. 
Antimonii  chloridi,  liquor,  193. 


Antimonii  oxidum,  194. 

„  impurities  in,  694. 

Antimonious  anhydride,  195. 
„  chloride,  193. 

„  oxide,  194, 

,,  oxy  chloride,  194, 

Antimonium  nigrum,  193, 

„         nigrum,  impurities  in, 
694. 

,,         sulphuratum,  196. 
„         tartaratum,  196. 
„         tartaratum,  quantita- 
tive estimation  of  an- 
timony in,  650. 
Antimoniuretted  hydrogen,  199. 
Antimony,  193. 

„  analytical  reactions  of, 

198. 

„  and  arsenic,  analytical 

separation  of,  201. 

„         and  potassium,  tartrate 
of,  195. 

„  antidote  to,  200. 

black,  193. 
butter  of,  193. 
chloride,  193. 

„  crude,  193. 

„  derivation  of  word,  24. 

„  from  arsenic  to  distin- 

guish, 187. 

„  hydride,  199. 

in   organic  mixtures, 
detection  of,  642. 

„         oxide,  194. 

„  oxy  chloride,  194,  199. 

„  oxysulphide,  196. 

„  pentachloride,  194. 

„  potassio- tartrate,  195. 

„          quantitative  estimation 
of,  650. 

,,  solution  of  chloride  of, 

193. 

sulphide,  193,  198. 
sulphur  salts  of,  186. 

5,  sulphurated,  196. 

„         tartarated^  195. 
Antiseptic,  499. 
Antozone,  263,  562. 
Apatite,  371. 
Apomorphia,  429. 
Aporetine,  377. 
Apparatus,  xiii,  3. 
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Apparatus  for  experiments,  xiii. 

„       for  volumetric  analysis, 
606. 
list  of,  xiii. 
Apple-essence,  496. 

„    -oil,  496. 
Aqua  Anethi,  517. 

„    Aurantii  FloHs,  517,  519. 
„    Aurantii  Floris,  impurities  in, 
694. 

,,    Camphor cB,  523. 

„    Carui,  517. 

„    Chloroformi,  492. 

,,    Cinnamomi,  517. 

„    Creasoti,  499. 

,,    Bestillata,  132. 

,,    Bestillata,  impurities  in,  694. 

„    Foeniculi,  517. 

,,   fortis,  319. 

,,    Laurocerasi,  465. 

,,    MenthcB  Fiperitce,  517. 

„  Viridis,  517. 

,,    Pimentcs,  517. 

„    regia,  202,  319. 

„    Boscs,  517,  521. 

„    Sambuci,  517. 
Arabin,  117. 
Arachidic  acid,  515. 
Arachis  hypogeia,  515. 
Arachis-oil,  515. 
Araroba  powder,  376. 
Arbor  BiancB,  241. 
Arbutin,  401,  465. 
Archil,  480. 

Arctostaphylos  uva  ursi,  465. 
Are,  584,  585. 
Areca  catechu,  401. 
Areca  nuts,  401. 

Argal,  vide  Acid  tartrate  of  potassium. 
Argent-ammon-ammonium,  nitrate 

of,  225. 
Argenti  nitras,  237,  239. 

„     nitras,  impurities  in,  694. 
„     oxidum,  240. 
,,     oxidum,  impurities  in,  694. 
Argentic  chloride,  sulphide,  etc.,  vide 

Salts  of  silver. 
Argentiferous  galena,  237. 
Argentum,  24. 

„       jpurificatum,  238. 
„       purijicatum,  impurities 
in,  694. 


Argol,  vide  Acid  tartrate  of  potas- 
sium. 
Armenian  bole,  532. 
Armor acicB  radix ^  518. 
Arnatto,  531. 
Arnica>  radix,  525. 
Arnicin,  525. 
Arnotto,  531. 
Aromatic  aldehyds,  517. 
Arrowroot-starch  (fig.),  451. 
Arseniate  of  ammonium,  180. 

barium,  106,  190. 
,,         calcium,  190. 
,,        copper,  190. 

iron,  152,  182,  191. 
,,         magnesium  and  ammo- 
nium, 125. 
silver,  190,  241. 
,,         sodium,  181. 
,,         sodium,  volumetric  esti- 
mation of,  622. 
zinc,  190. 
Arseniates,  180. 
Arsenic  acid,  180. 

„     and  arsenical  solutions,  volu- 
metric estimation  of  offi- 
cial, 625. 
,,      anhydride,  180. 
„     in  carbonate  of  potassium, 

solution  of,  178. 
, ,     in  hydrochloric  acid,  solution 

of,  179. 
„     odour  of,  179. 
„     white,  177. 
Arsenical  ores,  177. 

„      sulphur,  189. 
Arsenicum,  177. 

„     ■     analytical  reactions 

of,  182. 
,,  antidotes  to,  190. 

,,  and  antimony,  analy- 

tical separation  of, 
201. 

„  bromide,  177. 

„  chloride,  177. 

derivation  of  word, 
24. 

„  detection  of,  in  metal- 

lic copper,  184. 

,,  detection  of,  in  or- 

ganic mixtures, 
542. 
2i5 
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Arsenicum,  Fleitmann's  test  for, 
187. 

„  from  antimony,  to  di- 

stinguish, 187. 
hydride,  186. 
„  iodide,  177. 

„  Marsh's  test  for,  185. 

„  quantitative  estima- 

tion of,  625,  649. 
„  red  native  sulphide 

of,  178. 
„  Eeinsch's  test  for,  184. 

„  sources  of,  177. 

sulphide,  177. 
„  yellow    native  sul- 

phide of,  178. 
Arsenide  of  cobalt,  257. 
Arsenio-sulphide  of  iron,  177. 

„   _  nickel,  259. 

Arsenious  acid,  178. 

„       anhydride,  178. 
Arsenite  of  copper,  189. 

„        potassium,  178. 

silver,  190. 
„        sodium,  178. 
Arsenites,  178. 
Arseniuretted  hydrogen,  186. 
Art  of  chemistry,  2. 
Artemisia,  472. 
Artificial  alkaloids,  424. 

gastric  juice,  509. 
AsafcEtida,  527,  694. 
Asbestos,  395. 
Ash,  102. 
„    black-,  85. 
„    bone-,  113. 
„    soda-,  86. 
Ashes,  analysis  of  (mixed  solids),  414. 
Asparagin,  389. 
Aspartate  of  ammonium,  389. 
Aspirator,  water,  345. 
Assaf(Btida,  527. 
-ate,  meaning  of,  68,  72. 
Atees,  441. 
Atis,  441. 

Atmosphere,  carbonic  acid  in,  349. 
„         composition  of,  17. 

nitrogen  in,  15. 
„         oxygen  in,  15. 
Atmospheric  pressure,  measurement 

of,  573. 
Atom,  definition  of,  52. 

„     weights,  definition  of,  53. 


Atomic  proportions,  45, 214. 
theory,  44, 

„     weights,  46. 
Atomicity,  51. 
Atoms,  28. 

„      quanti valence  of,  50. 

,,      quantivalence  of,  definition 
of,  54. 
Atropa  belladonna,  441. 
Atroj)ia,  441. 

„      impurities  in,  694. 
Atro'picB  sid])has,  442. 

„      sulphas,  impurities  in,  694. 
Atropine,  441. 
Attar  of  rose,  521. 
Aurantii  cortex,  449,  518. 

„      fmictus,  518. 
Auric  chloride,  271. 

„     sulphide,  272. 
Aurum,  25. 
AvencB  farina,  450. 
Avignon  grains,  531. 
Avogadro's  and  Ampere's  law,  47, 48. 
Azadiracta  indica,  449. 

Bael  fruit,  400. 

,,   mucilage,  454. 
Bahia  powder,  376. 
Baking-powder,  460. 
Balance,  582. 
Balloons,  coal-gas  for,  14. 

„       hydrogen  for,  14. 
Balm-of-Gilead  fir,  527. 
Balsam,  Canada,  521,  527. 
„      copaiva,  526. 
,,      Gurjun,  526. 
of  Peru,  529. 
Storax,  529. 
Tolu,  529. 
Balsamodendron  myrrha,  528. 
Balsams,  528. 

Balsamum  Peruvianum,  529. 

„        Peruvianum,  impurities 
in,  694. 
Tolutanum,  529. 
Barbadoes  aloes,  600. 
Barbaloin,  500. 
Barberry,  443. 

Baric  chloride,  nitrate,  etc.,  vide  Salts 

of  barium. 
Barium,  104. 

„        acetonitrate,  131. 
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Bariuni;  analytical  reactions  of, 
105. 

„  and  calcium,  separation 
of,  from  magnesium, 
130. 

J,        antidotes  to,  105. 
arseniate,  108. 
carbonate,  106. 
carbonate,  native,  104. 
chloride,  104. 
„        ehromate,  105. 

derivation  of  word,  23. 
detection  of,  in  presence 
of  calcium  and  magne- 
sium, 118,  130. 
hydrate,  104. 
„        nitrate,  104. 

oxalate,  106,  353. 
„        peroxide,  104. 
„        phosphate,  106,  370. 
5,        quantitative  estimation 

of,  642. 
„        salts,  antidote  to,  105. 
,,        silico-fluoride,  106. 
„        sulphate,  105. 
„        sulphide,  104. 
sulphite,  342. 
Barley-starch  (fig.),  451. 
Barley- sugar,  462. 
Barometer,  573. 
Baryta,  104. 
Baryta-water,  104. 
Basalt,  144. 
Base,  meaning  of,  293. 

„    organic,  424. 
Basic,  meaning  of,  293. 
Bassorin,  118,  454. 
Bastard  saffron,  532. 
Basylous  radicals,  127. 
Bauxite,  144. 
Bay-rum,  474. 
Bay-salt,  78. 
Bearberry,  401. 
Beaver,  525. 

Beberia  or  beberine,  442. 
Beheri(B  sulphas,  442. 

,,     sulphas,  impurities  in,  694. 
Bebirine,  442. 
Beer,  453,  474. 
Beetroot,  459. 
BelcB  fructus,  400. 
Belladonnce  folia,  441. 


BelladonncB  radix,  441. 

Bell-metal,  266. 

Bend  glass  tubes,  to,  5. 

Benne  oil,  515. 

Benzine-collas,  498. 

Benzoate  of  ammonium,  94,  375. 

Benzoated  lard,  512. 

Benzoates,  374. 

Benzoic  acid,  374. 

„      aldehyde,  375. 

,,      glycocine,  378. 
Benzoin,  374,  528. 
Benzoinum,  374,  528. 
Benzol,  498,  534. 
Benzoyl  hydrate,  375. 

hydride,  375. 
Benzyl  benzoate,  529. 

,,     cinnamate,  529. 
Benzylic  alcohol,  529. 
Berberia  or  berberine,  443. 
Berberis  cortex,  443. 
Bergamot-oil,  519. 
Berlin  blue,  533. 

„     red,  532. 
Beryllium,  702. 
Betel  nuts,  401. 
Bi-,  the  prefix,  68. 
Bibasic  (see  Dibasic). 
Bibirine,  442. 
Bibulous  paper,  110. 
Bicarbonate  of  ammonium,  92. 

„  potassium,  66,  358, 

363. 

sodium,  80,  358,  363. 
Bichromate  of  potassium,  262. 
Bikh,  441. 
Bile,  512. 
„    detection  of,  in  urine,  555. 
test  for  presence  of,  512. 
Biliary  calculi,  566. 
Bish,  441. 
Bismuth,  277. 

,,         and  ammonium,  solution 

of  citrate  of,  280. 
„        analytical  reactions  of, 
281. 

„        carbonate,  280. 

citrate,  280. 
„         derivation  of  word,  26. 

hydrate,  281. 

-lozenge,  279. 
„        nitrate,  278. 
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Bismuth;  oxide,  279. 

quantitatlTe  estimation 
of,  651. 

„         -salts,   composition  of, 
280. 

„         sabcarbonate  or  oxy car- 
bonate, 280. 
„         subnitrate  or  oxynitrate, 
278. 
sulphate,  280. 
sulphide,  281. 
Bismuthi  carbonas,  280. 

„       carhonas,  estimation  of  bis- 
muth in,  651. 
carbonas,    impurities  in, 
694. 

„       oxidum,  279. 
„       oxidum,  impurities  in,  695. 
subnitras,  278. 
Bismuthum,  277. 

,,        jpurijicatum,  278. 
„        ^urificatum,  impurities 
in,  695. 
Bisulphide  of  carbon,  486. 
Eitter  almonds,  oil  of,  464,  518. 
„     cassava,  450. 
,,     principles,  448. 
„     sweet,  446. 
Eituminous  coal,  266. 
Eivalence,  50. 

Bivalent  radicals,  50,  62,  127. 

Bixa  orellana,  531. 

Bixin,  531. 

Elack  antimony,  193. 

„     -ash,  85,  349. 

„     -band,  148. 

„     bone-,  114. 

„     cherry  bark,  465. 

„     colouring-matters,  534. 

„     dyes,  534. 

„     flux,  182. 

„     hydrate  of  iron,  165. 

„     ink,  171,  534. 

„     -lead,  21. 

„     oxide  of  copper,  207. 

„     oxide  of  iron,  165. 

„     oxide  of  manganese,  253. 

„     oxide  of  mercury,  222. 

,,     pepper,  446. 
Bladder-green,  533. 
Blanc  de  Perle,  279,  534. 
Bleaching  by  chlorine,  20. 


Eleaching-liquor,  117. 

,,       -powder,  116. 
Blende,  136. 
Block  tin,  266. 
Blood,  505. 

detection  of,in  organic  matter, 
562. 

hydrocyanic  acid  in  the,  314. 

,,     stains,  562. 
Blowpipe-analysis,  417. 

-flame,  140. 
Blue  colouring-matters,  533. 

„   copperas,  151,  208. 

„   indigo,  322. 

,,   ointment,  212. 

„  pill,  212. 

„    Prussian,  380. 

„   stone,  208. 

„   TurnbuU's,  170,  381. 

„   vitriol,  151,  208. 
"Boiled"  oil,  514. 
Boiling-points  of  various  substances, 

578. 
Boldo,  519. 

''Bonds"  (Frankland),  143. 
Bonduc  seeds,  449. 
Bone-ash,  113. 
„   -black,  114. 
„   -earth,  113,  365. 
Bones,  composition  of,  114,  365. 
Boracic  acid,  371. 

„      anhydride,  372. 
Borates,  371. 

,,  analytical  reactions  of,  373. 
Borax,  371. 

„     bead,  255. 

impurities  in,  695. 

,,     volumetric  estimation  of,  613. 
Bordeaux  turpentine,  522. 
Borneene,  523. 
Borneo  camphor,  523. 
Boron,  372. 

„      chloride,  372. 

„      derivation  of  word,  25. 
flame,  373. 
fluoride,  372.  ^ 
Borotartrate  of  potassium,  373. 
Bos  taurus,  512. 
Boswellia,  529. 
Bourdon  barometer,  674. 
Brandy,  478. 
Brass,  136. 
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Brazil  powder,  376. 

„  wood,  531. 
Bread,  450,  460. 

aerated,  460. 
„    -making,  460. 
Breidin,  527. 
Brezilin,  632. 
Bright's  disease,  555. 
Britannia  metal,  193,  229,  266. 
British  gum,  453. 
Bromal,  495. 

„      hydrate,  495. 
alcoholates,  495. 
Bromate  of  potassium,  73. 
Bromates,  73,  300,  329. 
Bromic  acid,  73,  329. 
Bromide  of  ammonium,  94,  300. 
„        arsenicum,  177. 

iron,  154. 
„        potassium,  73,  300. 
J,        potassium,  volumetric 
estimation  of,  621. 
silver,  301. 
sulphur,  339. 
Bromides,  299. 

analytical    reactions  of, 
300. 

„       quantitative  analysis  of, 
622. 

separation  of,  from  chlo- 
rides and  iodides,  305. 
Bromine,  299. 

„        analytical  separation  of, 
301. 

„  derivation  of  word,  24. 
„         its  analogy  to  chlorine 

and  iodine,  302,  307. 
„        solution  of,  300. 
„         volumetric  estimation  of 

free,  659. 

Bromum,  299. 

„       impurities  in,  695, 
Bronze,  266. 

aluminium,  144, 

„      coinage,  207. 
Bronzing-powder,  270. 
Broom-tops,  446, 
Brown  colouring-matters,  533. 

„     haematite,  148,  160. 

„     rosin,  525. 

„     sugar,  459, 
Brucia,  439. 


Brucine,  439. 
Brunswick  green,  190. 
Bryoidin,  527. 
Buchu  folia,  449,  519. 
Buchu,  oil  of,  519. 
Buckthorn-green,  533. 

„       -juice,  466. 
"Bumping,"  310. 
Bunsen  gas-burners,  13. 
Burette,  Mohr's,  606. 
Burgundy  pitch,  526. 
Burners,  gas-,  5,  13. 
Burnett's  disinfecting  fluid,  138. 
Burnt  ochre,  532. 

„     sugar,  462,  534. 

,,     umber,  533. 
Butea  fro7idosa,  400. 
Butter,  506. 

of  antimony,  194. 

„     of  cacao,  513. 

,,     of  cocoa,  513. 

„     of  kokum,  513. 

,,     of  orris,  520. 
Butyl,  486. 

,,     sulphocyanate,  486,  518. 
Butylic  alcohol,  405. 
Butyrates,,  405. 
Butyric  acid,  405. 
Buxine,  443. 
Buxus  sempervirens,  443. 
By-products,  217. 

Cacao-butter,  513. 
Cadmii  iodidum,  276. 

„  iodidum,  impurities  in,  695. 
Cadmium,  275. 

„         analytical  reactions  of, 
276. 

„         derivation  of  word,  26. 
hydrate,  277. 
iodide,  276. 
„         sulphide,  276. 
Cacaotine,  464. 
CcBsal'pinia  bonducella,  449. 

,,        brasiliensis,  532. 
Caesium,  702, 
Caffeia,  446. 
Cajuput-oil,  519. 
Cajuputene,  519. 
Cajuputol,  519. 
Caking  coal,  266. 
Calabar  bean,  446. 
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Calamine,  136. 

Calamus  draco,  474. 

Calcic  sulphate,  phosphate,  etc.,  vide 

Salts  of  calcium. 
Calcii  chloridum,  107. 

cJiloridum,  impurities  in,  695. 
Calcined  magnesia,  124. 
Calcis  carhonas  'prcBci'pitata,  110. 
„     carhonas  ^rcBcipitata,  impu- 
rities in,  695. 
„     chlorates,  liquor,  117. 
„     hydras,  109. 
„     hy])ophos])his,  384. 

jphos'])has,  113. 
„     phosphas,  impurities  in,  695. 
saccharatus,  liquor,  109. 
Calcium,  107. 

„        analytical  reactions  of, 
118. 

„        and  barium,  separation 
from  magnesium,  129. 
„        carbonate,  107,  110. 
„        carb.  of,  prepared,  113. 
„        chloride,  107. 
,,        chromate,  118. 
,,        citrate,  362. 
„        derivation  of  word,  23. 

-flame,  119. 

fluoride,  107. 
„        fluoride,  in  bones,  114. 
,,        gummate,  117. 

hydrate,  109. 
„        hypochlorite,  116. 
,,        hypophosphite,  384. 
„        hyposulphite,  337. 
, ,        in  presence  of  barium  and 
magnesium,  detection 
of,  129. 

oxalate,  118,  353. 

oxide,  108. 

phosphate,  107, 113,  370. 
„        poly  sulphide,  337. 
„        quantitative  estimation 

of,  643. 
„        silicate,  107. 

sulphate,  107,  118,  338. 
„        superphosphate,  365. 
„        tartrate,  356. 
Calc-spar,  107. 
Calculi,  urinary,  564. 

, ,  urinary,  examination  of,  564, 
Calomel,  220,  226. 


Calomel,  test  for  corrosive  sublimate 
in,  220. 

„       tests  for  constituents  of, 
222. 

Calotropis,  449. 
Calumhce  radix,  443. 
Calx,  109. 

„     impurities  in,  695. 

,,    chlorata,  116. 

,,     chlorata,  impurities  in,  695. 
Camhogia,  527. 
Camphor-laurel,  522. 
,,       mixture,  523. 

oil,  522. 
„       water,  523. 
Camphora,  522. 

„        impurities  in,  695. 
officinarum,  522. 
Camphoric  acid,  523. 
Camphors,  522. 
Camphretic  acid,  523. 
Camwood,  532. 
Canada  balsam,  521,  527. 
Canadian  turpentine,  521. 
Canarium  commune,  627. 
Candle-flame,  composition  of,  13. 
CanellcB  albce  cortex,  449. 
Cane-sugar,  459. 
Cannabene,  625. 

,,        hydride  of,  525. 
Cannabin,  525. 
Cannabis  indica,  525. 
Cantharides,  523. 
Cantharidic  acid,  623. 
Cantharidin,  523. 
Caoutchouc,  529. 
Capacity  unit,  584. 
Capillary,  575. 
Caproate  of  glyceryl,  513. 
Caproic  acid,  513. 
Caproyl,  486. 
Caprylate  of  glyceryl,  513. 
Caprylic  acid,  513. 
Capsici  fructus,  444. 
Capsicia,  444. 
Capsicine,  444. 
Capsicum-fruit,  resin  of,  525. 

,,       oil,  444. 
Caramel,  462,  634. 
Caraway -oil,  519. 
Carbamate  of  ammonium,  92. 
Carbazotic  acid,  500. 
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Carho  animalis,  114. 
„     animalis  pur ificatus,  114. 
„     anim.  purif.,  impurities  in, 

695. 
„     Ugni,  115. 

,,     ligni,  impurities  in,  695. 
Carbolic  acid,  499. 

„      acid,  antidote  to,  500. 
Carbon,  21. 

,,       bisulphide,  486. 
„       combustion  of,  21. 
„       derivation  of  word,  22. 
„       quantitative  estimation  of, 
in  organic  compounds, 
471  et  seq. 
Carbonate  of  ammonium,  92. 

ammonium,  solution  of, 
92. 

„  barium,  104. 

bismuth,  280. 
calcium,  110,  113. 
„  calcium,  prepared,  113. 

„         iron,  151. 
„         iron,  saccharated,  151. 

lead,  230. 
„         lithium,  249. 
,)  magnesium,  121. 

„  potassium,  57. 

„  potassium,  acid,  67. 

„          sodium,  78,  85. 
„          sodium,  acid,  80. 
„  sodium,  manufacture 

of,  85,  349. 
„         strontium.  250. 
zinc,  139,  142. 
Carbonates,  348. 

acidulous  radical  in, 
62,  348. 
„  analytical  reactions 

of,  350. 

„  gravimetric  estima- 

tion of,  664. 

„  volumetric  '  estima- 

tion of  alkaline, 
614. 

Carbonic  acid,  21,  348. 

„  acid  gas,  generation  of,  67. 
„       acid  gas,  solubility  of,  in 

water,  83. 
„       anhydride,  315. 
oxide,  380. 
Carbonization,  102. 


Cardamom-oil,  519. 

,,         greater,  520. 
„        lesser,  519. 
Carmine,  376. 
Carminic  acid,  376. 
Carnallite,  57. 
Carrageen  moss,  454. 
Carrotin,  531. 
Carthamin,  532. 
Carthamus  tinctorius,  532. 
Carum  ajoiuan^  518. 
Carvene,  519. 
Carvol,  519. 
Caryophyllin,  519. 
Cascarilla-oil,  519. 
CascarillcB  cortex,  449,  519. 
Casein,  508. 

„      vegetable,  507. 
Cassia-oil,  519. 
CassicB  puJpa,  459. 
Castilloa  elastica,  529. 
Cast  iron,  148. 
Castor,  525. 
Castor  fiber,  525, 
Castor-oil,  514. 
Castoreum,  525. 
Castorin,  525. 
Catechin,  400. 
Catechu,  400. 
Catechu  pallidum,  400, 

„     pallidum,  impurities  in,  695. 
Catechuic  acid,  400. 
Cathartic  acid,  465. 
Cathartogenic  acid,  466. 
Caustic,  239. 

„      lime,  109. 
lunar,  239. 

„      potash,  58. 

„      soda,  79. 
Cayenne  pepper,  444. 
Cedra-oil,  519. 
Celestine,  251. 
Cellulin,  456. 
Cellulose,  456. 
Celsius's  thermometer,  575. 
Cements,  395. 
Centiare,  584. 

Centigrade  thermometer,  575. 
Cephaelis  ipecacuanha,  445. 
Cera  alba,  513. 

,,    alba,  impurities  in,  695. 

„   fiava,  513. 
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Cera  flava,  impurities  in,  695. 

Cerasin,  464. 

Cerebrin,  505. 

CerevisicB  fermentum^  474. 

Cerii  oxalas,  252. 

„    oxalas,  impurities  in,  695. 
Cerite,  252. 
Cerium,  252. 

„      derivation  of  word,  25. 
„      oxalate,  252. 
Cerolein,  513. 
Cerotic  acid,  513,  515. 
Cetaceum,  513. 

impurities  in,  695. 
Cetene,  513. 
Cetraria,  376,  452. 
Cetraric  acid,  376. 
Cetyl  hydrate,  513. 

palmitate,  513. 
Cevadilla,  447. 
Ceylon  "moss,"  454. 
Chalcedony,  395. 
Chalk,  107. 

,,     precipitated,  110. 
„     prepared,  113. 
„    -stones,  564. 
Chalybeate  water,  148. 
Chameleon,  mineral,  255. 
Chamomile-oil,  518. 
Char,  102. 
Charcoal,  21. 

animal,  114. 
„       animal,  decolorizing  power 
of,  115. 
wood,  115. 
Charta  sinapis,  501. 
Chaulmugra,  449. 
Cheese,  506. 

Chemical  action  by  symbols,  illustra- 
tion of,  33. 
,,       action,  definition  of,  28. 

affinity,  30. 
,,       combination,  laws  of,  63. 
„       combination   by  volume, 
laws  of,  46  et  seq. 
combination    by  weight, 
laws  of,  40  et  seq. 
, ,       combination  differ ent  from 

mechanical,  22,  28. 
,,       compound,  21. 
„       compound,  definition  of, 
62. 


Chemical  diagram,  36,  53,  68. 
,,       equation,  53,  58. 
„       force,  30  et  seq. 
„       force,  conditions  for  the 
manifestation  of,  32. 
formula,  definition  of,  52. 
„       formulae,  34. 

notation,  33,  39. 
„       philosophy,  principles  of, 

28  et  seq. 
„       preparations  of  the  British 

Pharmacopoeia,  570. 
„       symbol,  definition  of,  52. 
„       symbols,  34. 
„       toxicology,  540. 
Chemicals,  3. 

,,        list  of,  XV. 
Chemism,  30. 
Chemist  and  Druggist,  2. 
Chemistry,  art  of,  2. 

„         definition  of,  52. 
, ,         derivation  of  the  word,  2. 
,,        inorganic,  424. 
„         object  of,  2. 
organic,  424. 
science  of,  2. 
Chemists,  analytical,  2. 

„       manufacturing,  2. 
„       pharmaceutical,  2. 
Cherry,  sugar  in,  459. 
Cherry-laurel  water,  466. 

„     -tree  gum,  464. 
Chestnut-brown,  533. 
Chian  turpentine,  522. 
Chicory,  452. 
Chili  saltpetre,  316. 
Chimaphila  umbellata,  466. 
Chinese  red,  532. 

„      yellow,  531. 
Chirata,  392. 
Chiratin,  392. 
Chiratogenin,  392. 
Chloral,  492. 

,,      alcoholates,  495. 
„      croton,  495. 
hydrate,  492. 
Chloral  hydras,  493. 

,,      hydras,  impurities  in,  696. 
Chlorate  of  potassium,  325. 

„      of  potassium,  preparation 
of  oxygen  from,  5. 
Chlorates,  324. 
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Chlorates,  analytical  reactions  of, 
327. 

Chloric  acid,  324. 
Chloride  of  ammonium,  89. 

antimony,  193. 
,,         arseniciim,  177. 
barium,  104. 
boron,  372. 
„         calcium,  107. 

calcium,  removal  of  iron 

from,  108. 
chromium,  262,  263. 
gold,  271. 
iron,  154,  155,  156. 
lead,  234. 
lime,  116. 
magnesium,  120. 
„         manganese,  253. 
„         mercuric  ammonium, 
224. 

„  mercurous  ammonium, 
226. 

„         mercury,  218. 

„         platinum,  273. 

„  platinum  and  ammo- 
nium, 99,  274. 

„  platinum  and  lithium, 
250. 

„         platinum  and  potassium, 
75,  275. 
silicon,  396. 
„         silver,  240. 
„         sulphur,  339. 

tin,  267. 
„         tin,  solution  of,  267. 
zinc,  137. 
Chlorides,  294. 

,,        estimation  of,  658. 
5,        separation  of,  from  bro- 
mides and  iodides,  305. 
tests  for,  298. 
Chlorinated  lime,  116. 

„        lime,  volumetric  estima- 
tion of,  632. 
soda,  solution  of,  79. 
„         soda,  volumetric  estima- 
tion of,  633. 
Chlorine,  17,  297. 
„        acids,  327. 

as  a  disinfectant,  20. 
„        bleaching  by,  20. 
J,        collection  of,  18. 


Chlorine,  derivation  of  word,  22. 
„         its  analogy  to  bromine 
and  iodine,  302,  307. 
,,         preparation  of,  18. 
J,         properties  of,  20. 
„         relative  weight  of,  20. 

solubility  in  water,  19. 
,,         the  active  agent  in  bleach- 

ing-powder,  116. 
, ,        volumetric  estimation  of, 
632. 
-water,  19,  297. 
Chlorochromic  acid,  264. 
Chloroform,  490. 

impurities  in,  695. 
„         water,  492. 
Chlorophyll,  533,  568. 
Chocolate,  513. 
Cholalic  acid,  512. 
Cholate  of  sodium,  512. 
Cholesterin,  505,  566. 
Chondrin,  508. 
Chondrus  crispus,  454. 
Chromate  of  barium,  105. 
,,         calcium,  118. 
lead,  235. 

potassium  and  ammo 
nium,  108. 
„         potassium.,  standard  so- 
lution of  red,  628. 
„         silver,  241. 
Chromates,  263. 

„        analytical  reactions  of, 
263. 

„        of  potassium,  105. 
Chrome-alum,  145. 

-ironstone,  261. 
„     -red,  235,  532. 
„     -yellow,  235,  531. 
Chromic  acid,  263. 

„       anhydride,  263. 
,,      hydrate,  265. 
salts,  262. 
Chromium,  261. 

„  analytical  reactions  of, 

264. 

chloride,  262,  263. 

„  derivation  of  word,  25. 

„  separation  of,  from  alu- 

minium and  iron, 
265. 

„  sulphate,  262. 
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Chromous  salts,  262, 
Chromule,  533. 
Chrysammic  acid,  500. 
Chrysarobine,  376. 
Chrysophanic  acid,  376. 
Cicuta  virosa,  520. 
Cicutiiie,  444. 
Cinchona  Calisaya,  431. 
„       offici7ialis,  431. 
succirubra,  431. 
CinchoncB  flavcs  cortex,  431. 
„       'pallidcB  cortex,  431. 
Tuhrm  cortex^  431. 
Cinchonia,  436. 
Cmchonicia,  437. 
Cinchonicine,  437. 
Cinchonidia,  437. 
Cinchonidine,  437. 
Cinchonine,  436. 
Cinnabar,  211,  532. 
Cinnamein,  529. 
Cinnamene,  529. 
Cinnamic  acid,  376,  529. 
alcohol,  529. 
aldehyd,  519. 
Cinnamol,  529. 
Cinnamomi  cortex,  519. 
Cinnamon-oil,  519. 
Cinnamyl  alcohol,  529. 

cinnamate,  529. 
hydride,  519,  529. 
Cissampelia,  443. 
Cissampeline,  443. 
Cissampelos  pareira,  443. 
Citrate  of  ammonium,  94. 

calcium,  362. 

iron  and  quinine,  163, 

433,  682. 
lithium,  249. 
magnesium,  124. 
nicotia,  445. 
potassium,  68. 
„  potassium,  volumetric  es- 

timation of,  610,  615. 
„         quinine,  433. 
„         silver,  364. 
Citrates,  361. 

J,      analytical  reactions  of,  363. 
5,      volumetric   estimation  of, 
610,  615. 
Citric  acid,  361. 

,,        action  of  heat  on,  362. 


Citric  acid,  saturating  power  of,  363, 

701. 
Citron-oil,  519. 
Citronella-oil,  519. 
CitroneUol,  520. 
Citro-tartarate  of  sodium,  85. 
Citrus,  518. 
Citrus  bergamia,  361. 
Classification  of  elements,  102,  127, 

131,  286. 
Claviceps  purpurea,  525. 
Clay,  144,  395. 

ironstone,  148. 
Cloves,  oil  of,  519. 
Coal,  266. 
„  -gas,  486. 
,,  -gas  for  balloons,  14. 
„    products  of,  486,  534. 
Coal-tar  colours,  534. 
Cobalt,  257. 

„  analytical  reactions  of,  257. 
„       arsenide,  257. 

blue,  533. 
„      derivation  of  word,  25. 
,,      -glance,  257. 

hydrate,  258. 
„       separation  of,  from  nickel, 
260. 

„       sulphate,  258. 
„      sulphide,  257. 
Cobaltic  ultramarine,  533. 
Cobalticyanide  of  potassium,  258. 

nickel,  260. 
Cocculus  indicus,  471. 
Coccus,  376,  532. 

„     Ilicis,  196. 
Cochineal,  376,  532. 
Cocoa,  513. 
„     nibs,  513. 
„     nut,  513. 
,,    -nut  oil,  513. 
Cocos  nucifera,  513. 
Codamine,  428. 
Codeia,  428,  430. 
Cod-liver  oil,  514. 
Coinage,  copper,  207,  595. 
gold,  271,  595. 
silver,  238,  595. 

Coke,  21. 

Colchici  cormus,  444,  452. 

,,      semina,  444. 
Colchicin,  444. 
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Colchicia,  444. 
Colchicine,  444. 
Colcothar,  161,  632. 
Collection  of  gases,  5,  6. 
Collin,  688. 
Collodion,  457. 
CoUodium,  457. 

„       flexile,  457. 
Colloid  bodies,  688. 
Colocynthidis  pul^a,  466. 
Colocjnthin,  466. 
Colopholic  acid,  525. 
Colopbonic  acid,  525. 

„        hydrate,  525. 
Colophonine,  525. 
Colophony,  524. 
Colouring-matters,  630. 
Combination,  chemical,  28. 

,,         by  volume,  46  et  seq. 
Combining  proportions,  41  et  seq., 

214,  571. 
Combustible,  12. 
Combustion,  12. 

„         analysis  for  carbon  and 
hydrogen,  671  et  seq. 

„         analysis  for  nitrogen, 
675. 

„         definition  of,  52. 
„         supporters  of,  13. 
Composition  of  atmosphere,  17. 

„  bismuth  salts,  280. 

,,  oils  and  fats,  510. 

Compound,  chemical,  21. 

„        chemical,  definition  of, 
52. 

chemical,  different  from 
mechanical,  28. 
Compounds,  28. 

„         of  the  elements,  55. 
Conchinine,  436. 
Condensation,  132. 
Condenser,  132. 
Condensing-tub,  132. 

„         worm,  132. 
Condy's  disinfecting  fluids,  74,  255. 
Confections,  462. 
Conhydrine,  444. 
Conia,  conine,  or  conicine,  444. 
Conii  folia,  444. 

,,    fructus,  444. 
Conium  maculatum,  444. 
Conquinine,  436. 


Constant  proportions,  law  of,  41. 
Constitution  of  alkaloids,  424. 

salts,  61,  127,  291, 
316,  333. 
Construction  of  formulae,  50. 
Convolvulin,  470. 
Convolvulinol,  470. 
Convolvulus  Scammonia,  472. 
Conylia,  444. 
Copaiba,  526. 

„      impurities  in,  695. 
Copaiva,  526. 

oil,  520. 
Copaivic  acid,  526. 
Copal,  525. 
Copper,  208. 

„       acetate,  208. 

„       ammonia-sulphate,  209. 

„       analytical    reactions  of, 
208. 

„       antidotes  to,  210. 
„       arseniate,  190. 
,,       arsenite,  189. 
„       black  oxide  of,  207. 

blue,  533. 
„       coinage,  207,  595. 
„       derivation  of  word,  24. 
,,       detection  of  arsenicum  in. 
184. 

foil,  207. 

hydrate,  209. 

hydride,  385. 

iodide,  305. 
,,       in  organic  mixtures,  de- 
tection of,  543. 
„       melting-point  of,  580. 

metaUic,  207. 

oxide,  207. 
,,       oxyacetate,  208. 
„       pyrites,  206. 
,,       quantitative  estimation  of, 
650. 

„       quantivalence  of,  207. 

,,       subacetate,  208. 

„       sulphate,  208. 

,,       sulphate,  anhydrous,  208. 
sulphide,  209. 
Copperas,  blue,  151,  208. 

green,  151. 
Coptis-root,  443. 
Coriander-oil,  520. 
Cork-borers,  5, 
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Correction  of  the  volume  of  a  gas 
for  pressure,  598. 
for  temperature,  598. 
Corrosive  sublimate,  218. 

„  test  for,  in  ca- 

lomel, 220. 

Cotton-wool,  456. 
Cowbane,  520. 
Cowhage,  266. 
Cows'  milk,  506. 
Cream,  506. 

„     of  tartar,  57,  75,  355,  610. 
Creasol,  499. 
Creasote,  499. 
Creasotum,  499. 

,,        impurities  in,  695. 
Cresol,  499. 
Cresvlic  acid,  499. 
Creta,  113. 

„  'prcB'parata,  113. 
Crinum  asiaticum,  473. 
Crocin,  531. 

Crocus  (mineral),  161,  532. 

„     (vegetable),  532. 
Crocus  sativus,  531. 
Croton  chloral,  495. 

„     oil,  514. 
Crotonic  acid,  495. 
Crown  bark,  431. 
Crucibles,  64. 
Crude  antimony,  193. 

,,     potashes,  57. 
Crum's  test  for  manganese,  257. 
Cryolite,  421. 
Cryptophanic  acid,  554. 
Cryptopia,  428. 
Crystallization,  water  of,  82. 
Crystalloid  bodies,  688. 
Cubeba,  446. 
Cubeb  pepper,  446. 
Cubebene,  520. 
Cubebin,  446. 
Cubebs,  oil  of,  520. 
Cubic  inches  in  1  gallon,  599. 
Cubic  nitre,  316. 
Cudbear,  533. 
Cumin,  520. 
Cuminic  acid,  520. 
Cuminol,  520. 
Cuminum  cyminum,  520. 
Cummin,  520. 
Cupel,  656, 


Cupellation,  estimation  of  silver  by, 
656. 

Cupr-diammon-diammonium,  sul- 
phate of,  225. 
Cupri  sulphas,  208. 

,,     sulphas,  impurities  in,  696. 
Cupric  arsenite,  189. 

compounds,  208. 
,,     ferrocyanide,  208. 
„     hydrate,  209. 
„     oxide,  207. 
„     sulphate,  208. 
„     sulphide,  209. 
Cuprous  iodide,  305. 

oxide,  207,  458. 
Cuprum,  24,  207. 
Curarine,  439. 
Curcuma  long  a,  522,  531. 
Curcumin,  531. 
Curd  soap,  512. 
Curds,  506. 

„     and  whey,  460,  506. 
Currant,  sugar  in,  459. 
CusparicB  cortex,  449. 
Cusparin,  449. 
Cusso,  525. 
Cutch,  400. 
Cyanates,  377. 
Cyanic  acid,  377. 
Cyanide  of  allyl,  502. 

„        mercury,  309. 
nickel,  260. 
potassium,  309. 
silver,  241,  312. 
Cyanides,  308. 

, ,       analytical  reactions  of  me- 
tallic, 312. 
antidote  to,  313. 
double,  309. 
, ,       quantitative  estimation  of, 
659. 

Cyanogen,  171,  309. 
Cyanurets,  mde  Cyanides. 
Cydonia  vulgaris,  454,  465. 
Cymene,  518,  520,  522. 
Cymol,  518,  520,  522,  523. 
Cystin,  560. 

Dahlia,  452. 
Dalleiochin,  433. 
Dalton's  atomic  theory,  29. 
Dandelion,  452. 
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Daphne  laureola,  526. 

„     mezereum^  466,  526,  528. 
Daphnetin,  467. 
Daphnin,  466. 
Datura  alba,  442. 
Daturia,  or  datiirine,  442. 
Dauglish's  bread,  460. 
Davy  safty-lamp,  14. 
Deadly  mghtshade,  441. 
Decantation,  112. 
Decimal  coinage,  585. 

,,      weights,  583. 
Decoctions,  568. 

Decolorizing  power  of  animal  char- 
coal, 115. 
Decrepitation,  416. 
Definition  of  an  atom,  52. 

,,  atomic  weights,  53. 

a  chemical  compound, 
52. 

,,  a  chemical  equation  or 

diagram,  53. 
„         a  chemical  symbol,  52. 
„  a  gas,  53. 

,,         a  liquid,  53. 

a  mixture,  52. 
„         a  solid,  53. 

an  element,  52. 

chemical  action,  28. 

chemical  force,  52. 

chemistry,  52. 
„         combustion,  52. 
„         law  of  diffusion,  52. 

molecular  weights,  53. 
, ,  quantivalence  of  atoms, 

54. 

Deflagrating  flux,  422. 
Deflagration,  71. 
Deliquescence,  86. 
Delphine,  445. 
Density,  591. 

,,      of  vapours,  598. 
Dentifrices,  action  of,  267. 
Deodorizers,  20. 
Deodorizing  liquid,  138. 

,,         power  of  animal  char- 
coal, 115. 
Deposits,  urinary,  557. 
Derivations  of  names  of  elements, 

22  et  seq. 
Derivatives  of  ammonium,  225. 
Desiccation,  637,  670. 


Destructive  distillation,  133. 

Detonation,  71. 

De  Valangin's  solution,  179. 

De  Vrij's  processes  for  estimating 
the  value  of  cinchona-bark  and 
the  purity  of  commercial  quinine, 
577. 

Dextrin,  452. 

Dextroracemic  acid,  357. 

Dextrose,  459. 

Dextrotartaric  acid,  357. 

Dhak  tree,  400. 

Dhatura,  442. 

Diabetic  urine,  459,  555. 

Diagram,  chemical  definition  of,  53. 

Diagrams,  chemical,  35,  53,  58. 

Dialysis,  687. 

Diamines,  426. 

Diamond,  21. 

Diaphragms,  66. 

Diastase,  453. 

Dibasic  acids,  293. 

Dibasylous  radicals,  293. 

Didymium,  688. 

Diethylamine,  425. 

Diethylia,  425. 

Diffusion  of  gases,  14. 

„     law  of,  definition  of,  52. 

Digitalein,  468. 

Digitalin,  467. 

Bigitalinum,  467. 

Digitaliretin,  467. 

Digitalis  folia,  467. 

Digitonin,  468. 

Digitoxin,  468. 

Dill-oil,  518. 

Diluents,  267. 

Dinitrobenzol,  498. 

Dinitrocellulin,  456. 

Diospyros  embryopteris,  401. 

Diptrocarjpus  IcBvis,  527. 

turbinatus,  527. 

Disinfectant,  chlorine  as  a,  20. 

Disinfectants,  20. 

Disinfecting  fluid,  Burnett's,  138. 
„         fluid,  carbolic  acid,  499. 

fluid,  Condy's,  74,  255. 
,,        powder,  116. 

Distillation,  131. 

,,        destructive,  133. 

dry,  133. 
„        fractional,  474. 
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Ditain,  448. 
Dithionic  acid,  386. 
Dolomite,  120. 
Donovan's  solution,  216. 
Dorema  ammoniacum,  527. 
Double  chloride  of  aluminium  and 
sodium,  144. 
cyanides,  309. 

,,     salts,  75. 
Dover's  powder,  445. 
Draconyl,  529. 
Dragon's  blood,  525. 
Dried  alum,  145. 
Dry  distillation,  133. 
Drying-apparatus,  114,  637,  642, 
670. 

„    -oils,  514. 
Drying  in  vacuo,  114. 

„     precipitates,  114,  637,  642, 
670. 

Bryohalanops  aromatica,  523. 
Dulcamara,  446. 
Dyads,  127. 

Dyeing  by  mordants,  146. 
Dyer's  saifron,  532. 
Dynamic  electricity,  production  of, 
137. 

Dynamicity,  51. 

Earth,  bone-,  113. 
Earthenware,  395. 
Earth-nut  oil,  515. 
Earths,  alkaline,  131. 
Eau  de  Cologne,  518. 
Ebonite,  530. 
Ebullition,  311. 
Echalii  fructus,  468. 
Ecboline,  525. 

Effervescing  citrate  of  magnesia,  124. 
„  citro-tartrate    of  so- 

dium, 85. 
„         potash-water,  68. 
„  soda-water,  83. 

Efflorescence,  86. 
Egg,  white  of,  504. 

„   yolk  of,  604. 
Elseometer,  694. 
Elseoptens,  517. 
Elaterin,  468. 
Elaterium,  468. 

,,       impurities  in,  669. 
Elder-flower  oil,  521. 


Elecampane,  452,  520. 
Electricity,  production  of  dynamic, 
137. 

Element,  definition  of,  52. 
Elements,  1,  3,  22. 

„  and  their  compounds,  55. 
, ,       classification  of,  according 

to  analogy,  102. 
„       etymology  of  names  of,  22. 

metallic,  4. 
,,       non-metallic,  4. 

of  medical  or  pharma- 
ceutical interest,  3. 
,,       of  pharmaceutical  inte- 
rest, 3. 
symbols  of,  22,  33. 
„       symbols,    atomic  values, 
and  weights  of  the,  702. 
,,       symbols  of,  and  deriva- 
tion of  name  of,  22  et 
seq. 

,,       quantivalence  of,  127. 
Elemi,  527. 
Elm,  common,  454. 

,,  slippery,  454. 
Elm-mucilage,  454, 

,,  -tannin,  400. 
Emetia,  445. 
Emetine,  445. 
Empirical  formulae,  426. 
Emplastra,  233,  525. 
Emplastrum  cerati  saponis,  331. 
„        plumbi,  233, 
„        plmnhi  Midi,  232. 
Emulsin,  461,  502. 
Emulsion,  528. 
Enemas,  568. 
English  red,  532. 

blue,  533. 
Epsom  salt,  121. 

Equation,  chemical,  definition  of,  53. 

Equations,  34,  58. 

Equisetic  acid,  362. 

Equivalence,  51. 

Equivalents,  703. 

Ergot,  535. 

Ergota,  535. 

Ergotin,  535. 

Ergotine,  535. 

Ericolin,  465. 

Erlangen  blue,  533. 

Erucic  acid,  515. 
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Erythorefcine,  377. 
Eseria,  446. 

Essence  of  aniseed,  518. 
„        apple,  496. 
„        greengage,  496. 
melon,  496. 
mirbane,  498. 
mulberry,  496. 
„        peppermint,  518. 

pineapple,  496. 
„        quince,  496. 
Essences,  518. 
Essentia  anisi,  518. 

,,      menth^  piperitcB,  518. 
Essential  oils  (see  Oils). 
Estimation  of  weight,  581. 
Etching,  382. 
Ethal,  513. 
Ether,  479. 

„     nitrous,  482. 
Ethereal  salts,  486. 
Ethers,  486. 
Ethiop's  mineral,  226. 
Ethyl,  486. 

acetate,  334,  484. 
„      butyrate,  496. 
„      hydrate,  474. 
„      hydride,  485. 
„      iodide,  484. 

nitrite,  392,  482. 
oenanthylate,  496. 
„      oxide,  479. 
„      pelargonate,  496. 
,,      sebacate,  496. 
„      suberate,  496. 
,j      sulphate,  476. 
„      zinc,  485. 
Ethylamine,  425. 
Ethylene,  502. 
Ethylia,  425. 
Ethylic  alcohol,  474. 
Ethylsulphuric  acid,  476,  481. 
Etymology  of  names  of  elements,  22, 
Eucalyptol,  520. 
Eucalyptus  globulus,  520. 
Euchlorine,  328. 
Eudiometry,  538. 
Eugenic  acid,  519. 
Eugenin,  519. 
Euodic  aldehyd,  521. 
Euphorbium,  527. 
Euphorbon,  527. 


Euxanthate  of  magnesium,  531. 
Evaporation,  66,  102,  114. 

,,  in  vacuo,  114.) 

Everett's  yellow  salt,  311. 
Examinations  of  the  Pharmaceutical 

Society  of  Great  Britain,  2  {vide 

Prefatory  matter). 
Expansion  on  diluting  solution  of 

ammonia,  91. 
Explosions  of  gas,  12. 
Extracts,  568. 

Extractum  filicis  Uquiclum,  514. 
„        glycyrhizcB,  469. 
3 J        glyGyrliizcB  liq_uidtim, 
469. 
Saturni,  231. 

Face-rouge,  376. 
Fgeces,  554. 

Fahrenheit's  thermometer,  57 5. 
Farina  tritici,  450. 
Fat-acids,  515. 

Fats  and  oils,  composition  of,  510. 
Fats,  &c.,  to  determine  the  melting- 
point  of,  578. 
„       analysis  of,  690. 
Fatty  bodies,  510. 
Fel  bovinum  purificatum,  512. 

,,        purificatum,  impurities 
in,  696. 

Felspar,  421. 
Fennel-oil,  520. 
Fer  reduit,  168. 
Fermentation,  452,  474. 
Ferrate  of  potassium,  149. 
Ferri  acetatis  tinctura,  158. 
„    arsenias,  152,  182. 

arsenias,  impurities  of,  696. 
„    carbonas,  151. 

carbonas  saccharata,  151. 
,,    carbonas  sacckarata,  impuri- 
ties in,  696. 
,,    et  ammonicB  citras,  161,  162. 
,,    ct  ammonice  citras,  impurities 
in,  696. 

,,  et  ammonicB  citras,  quantitative 
estimation  of  iron  in,  648. 

„    et  quinicB  citras,  161,  163, 433. 

,,  et  quinicB  citras,  impurities  in, 
696. 

„    iodidum,  22,  154. 

„    oxidum  magneticum,  165. 
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Ferri  oxidum  magnetieum,  impurities 
in,  696. 
perchloridi,  liquor,  157. 
pernitratis,  liquor,  167. 
per  oxidum  humidum,  158. 
per  oxidum  hydratum,  159. 
per  oxidum  hydratum,  impuri- 
ties in,  696. 
persulphatis,  liquor,  157,  162. 
phospJias,  152. 

phosphas,  impurities  in,  696. 
potassio-tartras,  161,  164. 
pulvis,  168. 
stibcarhooias,  152,  160. 
sulphas,  150. 

sulphas,  impurities  in,  696. 
sul'phas  exsiccata,  150. 
sulphas  granuJata,  150. 
sulphas  granulata,  impurities 
in,  696. 
Ferric  acetate,  158,  334. 

chloride,  154,  156. 
hydrate,  158. 
iodate,  329. 
nitrate,  166. 
oxide,  159,  161. 
oxide  from  phosphates  and 
oxalates,   separation  of, 
419. 

„      oxyiodate,  329. 
„       oxy  sulphate,  151. 

per  oxy  hydrate,  159. 
„       salts,  164  et  seq. 
„       salts,  analytical  reactions  of, 
170. 

„       sulphate,  157. 
,,       sulphocyanate,  171. 
Ferridcyanide  of  potassium,  381. 
Ferridcyanides,  380. 
Ferridcyanogen,  170,  381. 
Ferrocyanide  of  potassium,  309, 399. 

zinc,  142. 
Ferrocyanides,  379. 
Ferrocyanogen,  169,  379. 
Ferroso-ferric  hydrate,  165. 

oxide,  166. 
Ferrous  arseniate,  152,  182. 
bromide,  154. 
carbonate,  151. 
chloride,  156. 
citrate,  165. 
iodide,  153. 


Ferrous  phosphate,  152. 

salts,  150  et  seq. 
salts,  analytical  reactions 
of,  169. 
„       sulphate,  150. 

sulphide,  22,  153,  159, 
171. 

,,       tartrate,  165. 
Ferrum,  23,  148. 

„      redactum,  168. 

„      tartaratum,  161,  164. 

„       tartaratum,  estimation  of 

iron  in,  648. 
„       tartaratum,  impurities  in, 
696. 

Ferulaic  acid,  527. 
Fibrin,  505. 

„     vegetable,  507. 
Ficus,  459. 

„     elastica,  529. 
Fig,  459. 
Filex  mas,  514. 
Filicic  acid,  514. 
Filter,  to  dry,  638. 
Filtering-paper,  110,  635. 
Filters,  110,  635. 
Filtrate,  129. 
Fine  gold,  271. 
Fire-clay,  219. 
Fire-damp,  486. 
Fixed  oils,  514. 

„     and  volatile  oils,  difference 
between,  514. 
Flame,  oxidizing,  141. 
reducing,  141. 
structure  of,  13. 
Flare,  612. 
Flax  seed,  454,  514. 
Fleitmann's  test  for  arsenicum,  187. 
Flexible  collodion,  457. 
Flint,  395. 
Flores  zinci,  140. 
Flour,  450. 

Flowers  of  sulphur,  335. 
Fluid  magnesia,  123. 
Fluoric  acid,  383. 
Fluoride  of  boron,  372.  ■ 

,,        calcium,  107. 

calcium  in  bones,  1 14. 

,,        silicon,  396. 
Fluorides,  382. 
Fluorine,  383. 
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Fluorine,  derivation  of  word,  24. 
Fluor-spar,  107. 
Foeniculi  fructus,  520. 
Foil,  copper,  207. 
Food,  analysis  of,  690. 

„     elements  of,  507. 

„     how  disposed  of  in  the  bodies 
of  animals,  554. 
Force,  chemical,  30  et  seq. 
Forge-scales,  166. 
Formates,  377. 
Formic  acid,  377,  515. 
For7nica  rufa,  377. 
Formula,  chemical,  definition  of, 
52. 

„      official,  19. 

,,       officinal,  19. 
Formulae,  34,  127. 

„       construction  of,  50. 

„       empirical,  426,  475,  676. 

,,       graphic,  144. 

rational,  475,  676. 
Fousel  oil,  495. 
Fowler's  solution,  178. 
Foxglove,  467. 
Fractional  distillation,  474. 
Frankincense,  Arabian,  528. 

„         common,  527. 
Frankland's  graphic  formulae,  144. 
Fraocinus  Ornus,  462. 
Freezing-mixture,  340. 
French  chalk,  534. 
French  turpentine,  532. 
Fruit-essences,  496. 
Fuchsine,  534. 
Fume-cupboard,  96. 
Fuming  sulphuric  acid,  346. 
Funnel-tubes,  10. 
"  Fur  "  in  water-vessels,  351. 
Furniture  of  a  laboratory,  xiv. 
Fusel-oil,  495. 

Fusibility  of  metals,  table  of  the, 
580. 

Fusible  white  precipitate,  225. 
Fusing-points  of  fats,  578. 
Fustic,  531. 

Gab  tree,  401. 
Galactometer,  594. 
G-albanum,  528. 
Galena,  229. 

„      argentiferous,  237. 


Galenical  preparations  of  the  British 

Pharmacopoeia,  568. 
Galipot,  525. 
Gall  of  the  ox,  512. 
Galla,  398. 
GalKc  acid,  401. 

Gallon,  587,  599.  : 
Galls,  EngUsh,  398. 

„     Aleppo,  398. 
Gall-stones,  566. 
Galvanic  test  for  mercury,  227. 
Galvanized  iron,  136. 
Gambler,  400. 
Gamboge,  527,  695. 
Gambogic  acid,  528. 
Garancin,  532. 
Garcinia  indica,  513. 
,,      morella,  527. 
„      oil,  513. 
„     jpictoria,  528. 
„     puTjpurea,  513. 
Garden  thyme,  520. 
Garlic,  essential  oil  of,  501. 
Gas,  constitution  of  a,  35,  38. 
,,   definition  of,  53. 
„   illuminating,  486. 
Gas  for  balloons,  coal-,  14. 
Gas-analysis,  402,  538. 
„  -burners,  5,  13. 
„  -lamp,  6. 
Gases  and  vapours,  analysis  of,  402, 
538,  598,  625. 
„     collection  of,  5,  6. 
„    correction  of  the  volume  of,598. 
„  for  pressure,  598. 

„  for  temperature,  598. 

„     diffusion  of,  14. 
„     law  of  solubility  of,  in  water, 
83. 

,,     relation  of,  to  liquids  and 

solids,  35. 
,,     specific  gravity  of,  597. 
Gastric  juice,  509. 

„     juice,  artificial,  509. 
Gaultheria  procumbenSy  496. 
Gaultheric  acid,  496. 
Gelatine,  508. 

„      vegetable,  454. 
Gelatine-sugar,  512. 
Gelatinous  substances,  508. 
Gentian-bitter,  468. 
Gentiana  lutea,  468. 
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GentiancB  radix,  468. 
Gentiogenin,  468. 
Gentiopicrin,  467. 
Geraniol,  520. 
German  silver,  136,  259. 
Gingelly  oil,  515. 
Ginger  oil,  522. 

Girdwood  and  Rogers's  method  for 

detecting  strychnia,  546. 
Glacial  acetic  acid,  332. 

„     phosphoric  acid,  368. 
Glass,  395. 
Glass  liquor,  396. 

„     rods,  65. 

„     soluble,  396. 

„     tubes,  to  bend,  5. 

„     tubes,  to  cut,  5. 

tubes,  to  draw  out,  112. 
Globulin,  505. 
Glucinum,  702. 
Glucose,  459. 
Glucosides,  464. 
Glue,  508. 

Gluten  and  glutin,  450. 
Glyceric  alcohol,  502. 
Glycerine,  233,  502. 
Glycerines,  502. 
Glycerinum,  503. 

„        impurities  in,  696. 
, ,        acidi  carho  lici,  499,  503. 
„        acidA  gallici,  503. 
„        acidi  tannici,  399,  503. 
J,        amyli,  503. 
„        boracis,  372,  503. 
Glyceryl,  502. 

„  caproate,  513. 
„       caprylate,  513. 

hydrate,  502,  511. 
„       laurate,  567. 
„       margarate,  513. 
„       myristate,  513. 
„       oleate,  510. 
„       palmitate,  513. 
„       ricinoleate,  514. 
„       rutate,  513. 

tristearate,  511. 
Glycocholates,  512. 
Glycocine,  512. 
Glycocoll,  512. 
Glycol,  502. 
Glycols,  503. 
Glycyl,  502. 


Glycyrrhetin,  469. 
Glycyrrhizce  radix,  462,  469. 
Glycyrrhizin,  462,  469. 
Goa  powder,  376. 
Gold,  270. 

analytical  reactions  of,  272. 

„     coin,  271,  595. 

„     derivation  of  word,  25. 

„     earth,  531. 

„     fine,  271. 

„     jewellers',  271. 

„    leaf,  271. 

„     mosaic,  270. 

„     ochre,  531. 

„     perchloride,  272. 

„     sulphide,  272. 

„     yellow,  531. 
Gossypitmi,  456. 
Gothite,  160. 
Goulard's  cerate,  231. 
„       extract,  231. 
water,  231. 
Gracillaria,  454. 
Graham's  dialytic  process,  687. 

law  of  diffusion,  14. 
Grain,  587,  599. 
Grains  of  paradise,  520. 
Gramme,  584. 

„      relation  of,  to  grains,  585. 
Gra7iati  radicis  cortex,  400. 
Granite,  144. 

Granulated  phosphorus,  366. 
tin,  266. 
„        zinc,  10. 
Grape-sugar,  355,  459. 
Grapes,  dried,  355. 

,,    sugar  in,  459. 
Graphic  formulae,  144. 
Graphite,  21. 
Grass  oils  (3),  519,  522. 
Gravel,  558. 

Gravimetric  analysis,  635. 
Gravitation,  581. 
Gravity,  581. 

Green  chloride  of  iron,  156. 
copperas,  151. 
iodide  of  iron,  154. 
iodide  of  mercury,  213. 
pigments,  533. 
sulphate  of  iron,  150, 
vitriol,  150. 
Greecgage  essence,  496. 
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Grey  powder,  212. 
G-riffith's  mixture,  152. 
Ground-nut  oil,  515. 
Group  tests,  286. 
Guaiaci  ligmtm,  469. 

„     resina,  469. 
Guaiacin,  469. 
Guaiacol,  499. 
Guaiaconic  acid,  469. 
Guaiacum,  resin  of,  469. 
Guaiaretic  acid,  469. 
Guaiaretin,  469. 
Guaiaretinic  acid,  469. 
Guano,  404. 
Guarana,  446. 
Guilandina  bonducella,  449. 
Guinea  grains,  520. 
Gulancha,  449. 
Gum,  117,454. 

„    British,  453. 

„    cherry-tree,  454. 
Gum  arabic,  117,  454. 
Benjamin,  374. 
resins,  527. 

„  Tragacanth,  454. 
Gum-acacia,  117,  454. 
Gummate  of  calcium,  117. 

of  lead,  117. 
Gummic  acid,  454. 
Gun-cotton,  456. 

-metal,  266. 
Gunpowder,  316. 
Gurjun  balsam,  536. 
Gutta  percha,  530. 
Gynocardia  odorata^  449. 
Gypsum,  107. 

Haematein,  480. 

Hasmatin,  605. 

Haematite,  brown,  148,  160. 

red,  148,  160. 
H(Bmato2cyli  lignum,  401,  533. 
H^ematoxylin,  401,  503. 
Half-soTereign,  weight  of  the,  271. 
Haloid  salts,  317. 
Hambro'  blue,  533. 
Hard  soap,  511, 
Hardness  of  water,  351. 
Heat,  latent,  83, 133. 

„    source  of,  6. 
Heavy  carbonate  of  magnesium,  122. 
„    magnesia,  124, 


Heavy  spar,  104. 

„    white,  104. 
Hectare,  584. 
Helenin,  520.  ^ 
Hellebore,  black,  469. 

„        green,  445,  470. 

„       white,  445. 

„       white  American,  445. 
Helleborein,  469. 
Helleborin,  469. 
Helleborus  niger,  470. 

„       viridis,  445,  470. 
Hemidesmi  radix,  378. 
Hemidesmic  acid,  378. 
Hemlock,  444, 
Hempseed  calculi,  566. 
Henbane,  445. 
Herapathite,  435. 
Hesperidene,  519. 
Hesperidin,  449. 
Heterologous  series,  486. 
Hevea  (Si^honia)  Brasiliensis^  529. 
Hexyl,  486. 

Hibiscus  esculentus,  454. 
Hippuric  acid,  378,  561. 
Hips,  461. 
Hoffner's  blue,  533. 
Homologous  series,  486,  515. 
Honey,  462. 
Honey  dew,  462. 
Hop,  445,  527. 

„    essential  oil  of,  527. 
Hordeum  decorticatum,  450. 

„     starch  of  (%.),  451. 
Horseradish  oil,  486,  518. 
Hubbuck's  oxide  of  zinc,  140. 
Humulus  lupulus,  4i4^b,  527. 
Hydrargyri  iodidum  rubrum,  215. 
„        iodidum  rubrum,  impu- 
rities in,  696. 
,,        iodidum  viride,  213. 
„        iodidum  viride,  impuri- 
ties in,  696. 
nitratis,  216. 
„        nitratis  acidus  liquor, 
217. 

,,        oxidum  flavum,  222. 

,,        oxidum  fiavum,  impuri- 
ties in,  696. 

,,        oxidum  rubrum,  221. 

,,        oxidum  rubrum,  impuri- 
ties in,  696. 
2e:2 
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Hydrargyri  ^ercJiloridum,  218. 
„        subchloridum,  220. 

subchloridum, im^woitiQB 


_  has,  217. 
sulphas,  impurities  in, 
696. 

'    „        sulfhuretum    cum  suU 
phure,  226. 
sul'jjhuretum    cum  sul- 
fhure,  impurities  in, 
696. 

Hydrargyrum,  24,  211. 

„  impurities  in,  696. 

Hydrargyrum  ammoniatum,  224. 

„  ammoniatum,  impuri- 

ties in,  696. 
cum  creta,  212. 
„  cum  creia.  impurities 

in,  696.' 
Hydrate  of  aluminium,  146. 

ammonium,  91. 
„        benzoyl,  375. 
,,        cadmium,  277. 
„        calcium,  109. 

cetyl,  513. 
„        chromium,  265. 

cobalt,  258. 
„        glyceryl,  502. 
„        manganese,  256. 

nickel,  260. 
„        potassium,  58, 
„        sodium,  79. 
„        zinc,  142. 
Hydrated  peroxide  of  iron,  159, 
160. 

„        substances,  82. 
Hydrates,  composition  of,  61. 
Hydrates  identified,  422. 
Hydraulic  cement,  395. 
Hydric  acetate,  chloride,  nitrate, 
sulphate,  etc.,  mde  the  respective 
acids,  acetic,  hydrochloric,  etc. 
Hydride  of  antimony,  199. 

arsenicum,  186. 
benzoyl,  375. 
cinnamyl,  519. 
copper,  385. 
ethyl,  485. 
methyl,  486. 
phosphorus,  383. 
silicon,  396. 


Hydrides,  127. 
Hydriodic  aeid,  303. 
Hydrium,  9. 
Hydrobromic  acid,  299. 
Hydrocarbons,  516. 
Hydrochlorate  of  morphia,  427. 
Hydrochloric  acid,  20,  294. 

„  acid,  analytical  reac- 

tions of,  298. 
„  acid,  antidote  to,  298. 

,,  acid,  common,  295. 

„  acid,  dilute,  295. 

„  acid  in  organic  mix- 

tures, detection  of, 
541,  544. 
acid  in  the  liquid  acid 
•of  different  densi- 
ties. Table  of  the 
amount  of,  570, 2nd 
edit. 

„  acid,  volumetric  esti- 

mation of,  619. 
Hydrocotarnine,  428. 
Hydrocotyle  asiatica,  449. 
Hydrocyanic  acid,  308. 

„  acid,  analytical  reac- 

tions of,  312. 

„  acid,  antidotes  to,  313. 

,,         acid,  dilute,  310. 

„  acid  from  bitter  al- 

mond and  cherry- 
laurel,  465. 

„  acid  in  organic  mix- 

tures, detection  of, 
544. 

acid  in  the  blood,  314. 
„         acid,  Schonbein's  test 

for,  314. 
,,  acid,  volumetric  esti- 

mation of,  621. 
Hydroferridcyanic  acid,  380. 
Hydroferrocyanic  acid,  379. 
Hydrofluoric  acid,  382. 
Hydrogen,  9. 

„  antimoniuretted,  199. 

„  arseniuretted,  186. 

„  benzoate,  borate,  etc., 

vide  the  respective 
acids,   benzoic,  bo- 
racic,  etc. 
„  combustion  of,  11. 

„  derivation  of  word,  22. 
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Hydrogen,  explosion  of,  11. 
„  functions  of,  127. 

„  in  artificial  light-pro- 

ducers, 12. 
„  lightness  of,  14. 

„  peroxide,  105. 

persulphide,  336. 
„  phosphoretted,  383. 

„  preparation  of,  10. 

„  properties  of,  11,  14. 

„  quantitative  estima- 

tion of,  in  organic 
compounds,  671  et 
seq. 
salts  of,  291. 
siliciuretted,  396. 
sulphuretted,  97,  337. 
„  used  for  balloons,  14. 

„  weight  compared  with 

air,  14. 

„  weight  of  1  litre,  599. 

„  weight  of   100  cubic 

inches,  599. 
Hydrogenium,  9. 
Hydrokinone,  465. 
Hydrometers,  594. 
Hydrosulphuric  acid,  335. 
Hydrosulphyl,  336. 
Hydrous  chloral,  493. 

„       compounds,  82. 
Hydroxyl,  61,  336. 
Hygiene,  2. 
Hyoscyamia,  445. 
Hyoscyami  folia,  445. 
Hyoscyamine,  445. 
Hyper-,  meaning  of,  155. 
Hypo-,  meaning  of,  384. 
Hypobromites,  300. 
Hypochloride  of  sulphur,  339. 
Hypochlorite  of  calcium,  116. 

„  sodium,  84. 

Hypochlorites,  324. 
Hypochlorous  acid,  324. 
Hypophosphite  of  calcium,  383. 

„  sodium,  384. 

Hypophosphites,  383. 
Hypophosphorous  acid,  383. 
Hyposulphite  of  calcium,  337. 
„  sodium,  385. 

sodium,  standard 
solution  of,  631. 

Hyposulphites,  385. 


Hyposulphurous  acid,  385. 

-ic,  meaning  of,  72. 

Iceland  moss,  376,  452. 

-ide,  meaning  of,  72. 

Igasuria,  439. 

Ignition,  102. 

lllicmm  anisatam,  518. 

Illuminating  agents,  analysis  of,  690. 

Incense,  528. 

Inch,  587. 

Incineration,  102. 

Incineration  of  filters  in  quantitative 

analysis,  636. 
Indelible  ink,  239. 
Indian  barberry,  443. 
gamboge,  528. 
hemp,  525. 

„     ink,  534. 

,,     ipecacuanha,  445. 

„     liquorice,  469. 

,,     mustard,  602. 
pennywort,  449. 

„     red,  532. 

„     rubber,  529. 

„     rubber,  vulcanized,  529., 

,,     yellow,  531. 
Indican,  322. 
Indiglucin,  322. 
Indigo,  322. 

„     sulphate  of,  322. 
Indigo-blue,  322. 

„    -white,  322. 
Indigogen,  322. 
Indigo  tin,  323. 
Indium,  702. 

Infusible  white  precipitate,  225. 
Infusions,  568. 
Inhalation  of  chlorine,  19. 

„         Conine,  444. 

,,  hydrocyanic  acid,  312. 
Inhalations,  568. 

Injectio  morphice  hypodermica^  427. 
Ink,  black,  171. 

„   Heberden's,  171. 

„   indelible,  239. 

„   Indian,  534. 

„   invisible,  269. 
marking,  239. 

„   printer's,  534. 

,,   sympathetic,  259. 
Inorganic  chemistry,  424. 
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Inorganic  compounds,  424, 

Introduction,  1. 

Inula  Helenium,  452,  469. 

Inulin,  452. 

Inverted  sugar,  459. 

Invisible  ink,  259. 

lodal,  495. 

lodate  of  potassium,  70,  329. 
lodates,  329. 
Iodic  acid,  329. 
Iodide  of  ammonium,  300. 
,j       arsenicum,  177. 
5,       cadmium,  276. 

ethyl,  484. 
„       hydrogen,  303. 
iron,  22,  154. 
lead,  232. 

potassium,  70,  303,  562. 
„       silver,  241. 
sulphur,  303. 
Iodides,  302. 
-   „       analytical  reactions  of,304. 
of  mercury,  213,  214,215. 
„       quantitative  estimation  of, 
658. 

„       separation  of,  from  "bro- 
mides and  chlorides, 305. 
Iodine,  21,  302. 

chloride,  304. 
„       derivation  of  word,  23. 
„       its  analogy  to  chlorine  and 

bromine,  302,  307. 
„       solution  of,  303. 
„       standard  solution  of,  621. 
„       tincture  of,  303. 
„       volumetric  estimation  of, 
631. 

Iodine-water,  303. 
Iodoform,  477,  492. 
lodum,  302. 

„     impurities  in,  696. 
Ipecacuanha,  445. 
Ij^omcBa  orizahensis,  470. 

„     purga,  470. 

„     simiilans,  470. 

,,     turpethum,  218. 
Iridium,  275,  702. 
Iris  jiorentina,  520. 
Irish  moss,  454. 
Iron,  147. 

„     acetate,  158,  334. 
„     alum,  145. 


Iron,  ammonio-citrate,  161. 

„     ammonio-tartrate,  161. 

„     analytical  reactions  of,  169. 

„     arseniate,  152,  182,  191. 

„  arseniate,  volumetric  estima- 
tion of,  629. 

5,     black  hydrate  of,  165. 

„     black  oxide  of,  166. 

„     bromide,  154. 

„     carbonate,  151. 

„     cast,  148. 

„     chlorides,  154  et  seq. 

„     citrate,  165. 

citrate  of,  and  quinine,  161, 
163,  433. 

„  compounds,  nomenclature  of, 
149. 

„     derivation  of  word,  23. 

„     detection  of,  in  presence  of 

aluminium  and  zinc,  172. 
„     galvanized,  136. 
„     hydrated  peroxide,  159,  160. 
„     iodate,  329. 
„     iodide,  22,  153. 
„     magnetic  oxide,  165. 
„     magnetic  oxide,  estimation  of 

iron  in,  629. 
„     nitrate,  166. 

„  in  official  compounds,  estima- 
tion of,  629,  648. 

„     ore,  magnetic,  147. 

„     ore,  needle,  160. 

„     ore,  spathic,  148. 

„     ore  specular,  148. 

„     oxide,  159,  161. 

„     oxy  hydrates,  160. 

„     oxysulphate,  151. 

„     perchloride,  154. 

„     perhydrate,  158. 

„     pernitrate,  166. 

„     peroxide,  159,  161. 

„     peroxyhydrate.  159. 

„     persulphate,  157. 

„     phosphate,  152. 

„  phosphate,  volumetric  estima- 
tion of,  629. 

„  from  phosphates  and  oxalates, 
separation  of  peroxide  of, 
419. 

„     potassio-citrate,  161. 
„     potassio-tartrate,  161. 
„     pyrites,  148. 
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Iron,  quantitative  estimation  of, 
629,  648. 
„     red  oxide  of,  161. 
„     reduced,  167. 
„     rust  of,  149. 

saccharated  carbonate  of,  151. 
„     saccharated  carbonate  of,  vo- 
lumetric estimation  of,  629. 
salts,  nomenclature  of,  149. 
„     scale,  compounds  of,  161. 
„     separation  of,  from  aluminium 

and  chromium,  265. 
„     sodio-citrate,  161. 
„     sodio-tartrate,  161. 
„     sulphate,  150. 
„    sulphide,  22,  153,  169,  171. 
„     sulphocyanate,  171, 397. 
„     tartrate,  165. 
„    wrought,  148. 
Iron-stone,  clay,  148. 
Isinglass,  508. 
Isomerism,  454. 

Isomorphism,  the  doctrine  of,  49. 
Isomorphous  bodies,  49. 
Isonandra  gutta,  530. 
Ispaghiil,  454. 
-ite,  meaning  of,  72. 
Ivory-black,  534. 

Jaborandi,  446. 

Jalap,  Mexican  male,  470. 

5,     resin,  470. 

„     Tampico,  470. 

„     true,  470. 
Jalwpa,  470. 
JalapcB  resina,  470. 

„     resina,  impurities  in,  695. 
Jalapic  acid,  470. 
Jalapin,  470. 
Jalapinol,  470. 
Jaune  brilliant,  276. 
Jelly,  508. 
Jervia,  445. 
Jervine,  445. 
Juices,  568. 
Juniper-oil,  520. 

Kaladana  resin,  471. 
Kalium,  23. 
Kamala,  526. 
Kariyat,  448. 
Kelp,  302. 


Kermes  mineral,  196. 
Kilbride  mineral,  160. 
Kiln,  109. 
Kilogramme,  584. 
Kilolitre,  584. 
Kilometre,  584. 
Kinate  of  quinia,  431. 
King's  blue,  533. 
Kino,  400. 
Kinone,  465. 
Kiwach,  266. 
Kokum  butter,  513. 
Kola-nut,  446. 
Kosin,  525. 
Koussin,  525, 
Kousso,  525. 
Krameri(B  radix,  401. 

Laboratory  furniture,  xiv> 
Lac,  506. 
Lac-dye,  533. 
Lactates,  388. 
Lactic  acid,  388. 
Lactometer,  506. 
Lactose,  460. 
Lactuca,  449. 
Lactucin,  449. 
L^evogyrate,  459. 
Lsevoracemic  acid,  357. 
L^evorotation,  458. 
Lsevotartaric  acid,  357. 
Lcevulose,  458. 
Lakes,  146. 
Lampblack,  534. 
Lamps,  gas-,  6. 
Lana  philosophica,  140. 
Lanthanium,  702. 
Lanthopine,  428. 
Larch  harJc,  401. 
Lard,  512. 

„    benzoated,  512. 

„    prepared,  512. 
Laricis  cortex,  401. 
Larix  eurofcea,  401,  521. 
Larixin,  401. 
Larixinic  acid,  401. 
Latent  heat,  83,  133. 
Laudanine,  428. 
Laudanosine,  428. 
Laughing-gas,  93. 
Laurate  of  glyceryl,  513. 
Laurel-camphor,  522. 
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Laurie  acid,  515. 
Laurie  aldehyd,  52L 
Laurocerasi  folia,  465. 
Lavender-oil,  521. 

-water,  517. 
Lavender,  oil  of,  521. 
Law,  Avogadro's  and  Ampere's,  47, 
48. 

Law  concerning  molecular  weight, 
46. 

Law  of  constant  proportions,  41. 
„     diffusion,  definition  of,  52. 
„     multiple  proportions,  42. 
„     reciprocal  proportions,  44. 
„     solubility  of  gases  in  liquids, 
83.  ^ 

Laws  of  chemical  combination  by 
weight,  40  et  seq.,  53. 
„       chemical  combination  by 
volume,  46  et  seq.,  53. 

Lead,  229. 

„     acetate,  230. 
„     analytical  reactions  of,  240. 
„     antidotes  to,  241. 
„     carbonate,  235. 
„     chloride,  234. 
„     chromate,  235. 
„     detection  of,  in  organic  mix- 
tures, 543. 
„     derivation  of  word,  24. 
„     gummate  of,  117. 
„     hydrato -carbonate,  235. 
„     iodide,  232. 
„     nitrate,  232. 
„     oleate,  233. 
„     oxide,  229. 
„     oxy acetate,  231. 
„     oxy  chromate,  235. 
„     plaster,  233. 

,,  puce-coloured  oxide  or  per- 
oxide of,  232. 

„  quantitative  estimation  of, 
609,  654. 

„     red,  230. 

„     shot,  229. 

„     subacetate  of,  231. 

„     sugar  of,  231. 

„     sulphate,  235. 

„     sulphide,  234. 

„     sulphide,  native,  229. 

„     test  for,  in  water,  234. 

„     tree,  236. 


Lead,  volumetric  estimation  of  so- 
lutions of  acetate  of,  609. 

„     white.  230. 
Leadstone,  147. 
Leaf -green,  533. 
Lecanora,  533. 
Legumin,  507. 
Lemon-chrome,  235. 

„     -juice,  361. 

„     -oil,  518. 
Length,  unit  of,  584. 
Lentisk  tree,  526. 
Lepidolite,  249. 
Levisticum,  528. 
Levulose,  458. 
Lichen  blue,  533. 
Liehenin,  452. 

Light  carbonate  of  magnesium,  122. 

,,     carburetted  hydrogen,  486. 

,,     magnesia,  124. 
Lignin,  456. 
Lime,  caustic,  109. 

chloride  of,  116. 

„     quick,  108. 

„     slaked,  109. 

,,     superphosphate  of,  365. 
Lime-kiln,  109. 

„  -oil,  518. 

„  -water,  109. 
Limestone,  107. 

,,        magnesian,  120. 
,,         mountain-,  120. 
Limonis  succus,  impurities  in,  696. 
Limonite,  160. 
Lina  farina,  514. 
Line,  587. 
Lini  semina,  514. 
Liniment  of  mercury,  212. 
Liniments,  568. 
Linimentum  ammonim,  511. 

„         calcis,  511. 
Linoxyn,  465. 
Linseed,  454,  465. 
Linseed-cake,  514. 
„     -oil,  514. 
„     -tea,  454. 
Linum  usitatissimum,  454. 
Liqueurs,  474. 
Liquid,  definition  of,  53. 
Liquid  camphor,  522. 
Liquidambar  orientale,  529. 
Liquids,  specific  gravity  of,  591. 
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Liquids,  official  specific  grayity of,  592. 
Liquor  ammonicB,  91. 

awwom(g,impuritiesin,697. 
„       ammonicB  acetatis,  92. 

ammonicB  citratis,  94. 
„       ammoni(B  fortior,  91. 
„       ammonicB  fortior,  impuri- 
ties in,  697. 
„       antimonii  chloridi,  193. 

antimonii  chloridi,  estima- 
tion of  antimony  in,  650. 
„       antimonii  chloridi,  impu- 
rities in,  697. 
„       arsenicalis,  178. 

arsenicalis,  impurities  in, 
697. 

arsenicihydrochloricus,  179. 
„       arsenici  hydrochloriciis,  im- 
purities in,  697. 
„       atropicB,  442. 
„       atropi<s  sulphatis,  442. 

hismuthi  et  ammonicB  ci- 
tratis, 280. 
hismuthi  et  ammoni<s  ci- 
tratis, estimation  of  bis- 
muth in,  651. 
„       hismuthi  et  ammonim  ci- 
tratis, impurities  in,  697. 
„       calcis,  109. 

calcis,  impurities  in,  697. 
„       calcis  chlorates,  117. 

calcis  chlorates,  impurities 
in,  697. 
„       calcis  saccharatus,  109. 
„       calcis   saccharattts,.  impu- 
rities in,  697. 
chlori,  19,  297. 
chlori,  impurities  in,  697. 
„       ferri  -per chloridi,  157. 
„       ferri'per  chloridi  fortior,  156. 
ferri  per  chloridi  fortior,  es- 
timation of  iron  in,  648. 
„      ferri    per  chloridi  fortior, 
impurities  in,  697. 
ferri  ipernitratis,  167. 
„       ferri 'pernitratis,  estimation 
of  iron  in,  648. 
ferri  pernitratis,  impuri- 
ties in,  697. 
,,       ferri  persulphatis,  157, 1Q2. 
„      ferri  persidphatis,  estima- 
tion of  iron  in,  648. 


Liquor,  ferri  persulphatis,  impuri- 
ties in,  697. 
„       gutta  percha,  bZO. 
„       hydrargyri  nitratis  aeidus, 
217. 

„       hydrargyri  nitratis  aeidus, 

impurities  in,  697. 
„  hydrargyriperchloridi,2\^. 
„       iodi,  303. 
„       lithicB  effervescens,  250. 
„       lithicB    effervescens,  impu- 
rities in,  697. 
magnesice  carbonatis,  123. 
„       magnesice  carbonatis,  impu- 
rities in,  697. 
„       magnesicB  citratis,  124. 
morphice  acetatis,  428. 
morphi(Bhydrochloratis,^2^, 
,,       plumhi  subacetatis,  231; 

plumbi  subacetatis,  impu- 
rities in,  697. 
plumbi  suhacetatis  dilutus, 
231. 

„      potasscB,  58. 
„      potasscB,  impurities  in,  697. 
,,       ^ozfassfS,  neutralizing  power 
of,  609. 

„       potasscB,  specific  gravity  of, 
593. 

,,  potasscB,  to  prepare  pure,  62. 
„       sod(B,  79. 

potasscB  effervescens,  68. 
„       potctsscB  effervescens,  impu^ 
rities  in,  697. 
potasscB  permanganatis,  74, 
.  254. 
sodcB,  impurities  in,  697. 
, ,       sodrn  arseniatis,  181. 
sodcB  chloratce,  84. 
sodcB  chlorates,  impurities 

in,  697. 
sod<s  effervescens,  83. 
„       sodcB  effervescens,  impurities 

in,  698. 
„       strychnicB,  439. 
,,       zinci  chloridi,  138. 
Liquorice,  469. 

-sugar,  462,  469. 
List  of  apparatus,  xiii. 
„     chemicals,  xv. 
,,     reagents,  xiv. 
Litharge,  229. 
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Lithates,  403. 
Lithice  carlonas,  250. 

„    carbonas,  impurities  in,  698. 
„   citms,  249. 
„    citras,  impurities  in,  698. 
Lithic  acid,  403. 
Lithium,  249. 

„        analytical  reactions  of, 
250. 

„        carbonate,  250. 

„        citrate,  249. 

J,        derivation  of  word,  25. 

„        flame,  250. 

fluoride,  249. 
silicate,  249. 
sulphate,  250. 
„        urate,  250. 
Litmus,  95,  533. 
„     paper,  95. 
„     solution  of,  95. 
„     tincture  of,  95. 
Litre,  584. 

,,    relation  of,  to  pints,  585, 
Liver  of  sulphur,  63. 
Lixiviation,  85. 
Loadstone  or  lodestone,  147. 
Lobelia,  445. 
Lobelina,  445. 
Lobeline,  445. 
Logwood,  401,  533. 

,j       solution  of,  bleached  by 
chlorine,  20. 
Long  pepper,  446. 
Looking-glasses,  266. 
Lotio  hydrargyri  flava,  222. 

,,    hydrargyri  nigra,  222. 
Louisa-blue,  533.| 
Loxa  bark,  431. 
Lozenges,  568. 
Lucifers,  15. 
Lump-sugar,  459. 
Lunar  caustic,  239. 
Lupulin,  527. 

,,      oleo-resin  of,  527- 
Lupuline,  445. 
Lupulinic  acid,  527* 
Lupidus,  445,  527. 
Luteolin,  531. 
Luting,  98. 

„     fire-clay,  219. 
„     linseed-meal,  98. 
Lycopodium,  514. 


Mace,  JBxed  oil  of,  513. 

„     vol.  oil  of,  521. 
Madder,  532. 
Magenta,  534. 
Magnesia,  123. 

calcined,  124. 
, ,       efiervescing  citrate  of,  1 24. 

fluid,  123. 
, ,       hydrous  carbonate  of,  1 23. 
„       impurities  in,  698. 
Magnesia  levis,  124. 

„      levis,  impurities  in,  698. 
MagnesicB  carbonas,  122. 

„      carbonas,   impurities  in, 
698. 

„      carbonas  levis,  122. 

carbonas  levis,  impurities 
in,  698. 
„      carbonatis,  liquor,  123. 
„      sidfhas,  121. 
„      sulphas,  impurities  in,  698. 
Magnesite,  120. 
Magnesium,  120. 

„  analytical  reactions 

of,  124. 
„  euxanthate,  531. 

,,  for  analytical  pur- 

poses, 187. 
,,  and  ammonium,  ar- 

seniate  of,  125. 
„  and  ammonium, 

phosphate  of,  125. 
368. 

,,  carbonate,  122. 

„  chloride,  120. 

„  citrate,  124. 

„  derivation  of  word, 

23.  ^ 

„  detection  of,  in  pre- 

sence of  barium 
and  calcium,  129. 

„  limestone,  120. 

oxide,  123. 

„  phosphate,  in  bones, 

114. 

„  purrate,  531. 

5,  quantitative  estima- 

tion of,  645. 

,  separation  from  ba- 

rium and  calcium, 
130. 

silicate,  395,  534. 
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Magnesium,  sulphate,  121. 

sulphite,  341. 
Magnetic  iron  ore,  147. 

„      oxide  of  iron,  165. 
Magpie  test  for  mercury,  22T. 
Maize  starch  (fig.),  451. 
Malachite,  206. 
Malate  of  atropine,  441. 

„       nicotine,  445. 
Malates,  388. 
Male  fern-oil,  514. 
Malic  acid,  388. 
Mallow  tea,  454. 
Malt,  453. 

Manganate  of  potassium,  73,  254. 
Manganese,  253. 

„  analytical  reactions 

of,  255. 
black  oxide  of,  253. 
„  Cr urn's  test  for,  257. 

derivation  of  word, 

25.  _ 
quantitative  analysis 
of  black  oxide  of, 
646. 

Manganesii  oxidum  nigrimi,  253. 
Manganous  chloride,  253. 

hydrate,  256. 
„        sulphide,  256. 
Mangosteen  oil,  513. 
Manihot,  starch  of  (fig.),  451 , 
Manna,  462. 

impurities  in,  698, 
"  Mamia,"  462. 
Mannite,  462. 
Manufacturing  chemists,  2. 
Manures,  analysis  of,  668. 
Maranta,  starch  of  (fig.),  451. 
Marble,  107. 
Margarine,  513. 
Margosa  bark,  449. 
Marine  soap,  513. 
Marking-ink,  239. 
Marl,  144. 
Marmalade,  400. 
Marmor  album,  107. 
Marsh-gas,  486. 
Marshmallow,  454. 
Marsh's  test  of  arsenicum,  185. 
Massicot,  229. 
Mastic,  525. 
Mastiche,  525. 


Mastichic  acid,  526. 
Masticin,  526. 
MaticcB  folia,  449. 
Matricaria  chamomilla,  518. 
Mauve,  534. 
May-apple,  444. 
Meadow-sweet,  476,  496. 

oil  of,  471,  496, 
Measures,  582  et  seq. 
Measurement  of  temperature,  574. 
Mechanical  and  chemical  combina- 
tion, difference  between,  22,  28. 
Mechanical  medicines,  266. 
Meconate  of  morphine,  427. 
Meoonic  acid,  389,  548. 
Meconidine,  428, 
Meconine,  428. 
Meerschaum,  395. 
Mel,  462. 

„    impurities  in,  698. 

„    boracis,  372. 

,,    depuratum,  462. 
Melam,  398. 
Melasses,  462. 
Melegueta  pepper,  520. 
Melissic  acid,  515. 
Mellon,  398. 

Melting-points,  Table  of,  579. 

„  of  fats  etc.,  to"^ de- 

termine, 578. 

,,  of  metals,  580. 

Melissyl,  palmitate  of,  513. 
Melon  essence,  496. 
Memoranda,  analytical,  414, 
Mentha,  470. 
Menthene,  520, 
Menthol,  520. 

Mercuric  ammonium,  chloride  of» 
224. 

„  chloride,  218. 
„  cyanide,  309. 
„        iodide,  215. 

nitrate,  216. 

oxide,  221. 
,,        oxynitrates,  216. 
,,        oxysulphate,  218. 

salts,  212. 
„        salts,  analytical  reactions 

of,  223. 
„        sulphate,  217. 
„        sulphide,  225, 
Mercurius  vitce,  194. 
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Mercurous  ammonium,  chloride  of, 
226. 

chloride,  220,  226. 

chromate,  227. 

iodide,  213. 

nitrate,  216. 

oxide,  222. 

salts,  212. 
,,         salts,  analytical  reactions 

of,  226. 
„         sulphate,  218. 

sulphide,  226. 
Mercury,  211. 

„         amido-chloride,  224. 
„         ammoniated,  224. 

ammonio-chloride,  224. 
„         analytical  reactions  of, 
223. 

„         antidotes  to,  228. 
„         basic  sulphate,  218. 
„         black  oxide,  222. 
,,         carbonates,  227. 
„         chlorides,  218. 
„         derivation  of  word, 
24. 

„         detection  of,  in  organic 

mixtures,  541. 
„         galvanic  test  for,  227. 

iodides,  213. 
•„         magpie  test  for,  227. 
'„        native  sulphide,  211. 
„        nitrates,  216. 
„         nomenclature  of  salts  of, 
212 
of  life',  194. 
„         oxides,  221. 
„         oxy nitrates,  216. 
„         oxy  sulphate,  218. 
„         oxy  sulphide,  226. 
„         quantitative  estimation 
of,  652. 
subchloride,  220,  226. 
„         sulphates,  217. 
„         sulphide,  227. 
„        yellow  oxide,  222. 
Meta,  meaning  of,  390. 
Metaboracic  acid,  371.  - 
Metacinnamein,  529.  -^^ 
Metagummic  acid,  454. 
Metallic  elements,  4.  ' 
Metalloids,  4. 
Metals,  4. 


Metals,  of  minor  Pharmaceutical 
importance,  248. 
,,       quantitative  estimation  of, 
635. 

„  '     Table  of  the  fusibility  of, 
580. 

Metamerism,  455. 
Metantimonic  acid,  195. 
Metaphosphates,  390. 
Metaphosphoric  acid,  368,  390. 
Metastannates,  268. 
Metastannic  acid,  268. 
Metastyrol,  529. 

Metathesis,  74.   Also  page  53  in  4th 

edition. 
Metavanadates,  371. 
Methenyl,  491. 
Methyl,  486. 

,,      conia,  444. 

hydride  of,  486. 
,,      salicylate  of,  496. 
Methylamine,  426. 
Methylated  spirit,  487. 

,,        sweet  spirit  of  nitre, 
488. 

Methylene,  dichloride  of,  491. 
Methylic  alcohol,  487. 

„       alcohol  detected  in  presence 
of  ethylic  alcohol,  487. 

Metre,  584. 

„     relation  of,  to  inches,  585. 

Metric  system,  583  et  seq. 

Metrical  system,  weights  and  mea- 
sures of,  583  et  seq. 

Metrical  system  of  weights  and  mea- 
sures, its  relation  to  the  English, 
585  et  seq. 

Meuni,  528. 

Mezerei  cortex,  466,  474. 
Mezereon,  466,  474. 
Mica,  144. 
Mica  Pants,  460. 
Microcosmic  salt,  417. 
Microscopic  examination  of  urinary 

sediments,  559. 
Microscopy  of  starches,  451. 
Microspectroscope,  539. 
Milk,  506. 

„     of  sulphur,  337. 
Milk-sugar,  460. 
Mimetesite,  371. 
Mimotannic  acid,  400. 
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Mineral  acids,  detection  of,  in  or- 
ganic mixtures,  544. 
chameleon,  255. 
„       kermes,  196. 

Kilbride,  160. 
„       purple,  532. 

rouge,  161,  532. 
Minerals,  general  analysis  of,  414 
et  seq. 

special  analysis  of,  690. 
Minim,  587. 
Minium,  230. 
Mint,  520. 

Mirbane,  essence  of,  498. 
Mishmi  bitter,  443. 
Mistura  ferri  aromatica,  171. 

ferri  com^osita,  152. 
Mixture,   different  from  chemical 
combination,  22,  28. 
definition  of,  52. 
Mixtures,  568. 
Mohr's  burette,  606. 
Moist  sugar,  459. 
Molasses,  462. 
Molecular  volume,  49. 

weight,  49,  600. 

„       weights,  definition  of,  53. 
Molecule,  definition  of,  52. 
Molecules,  30. 
Molybdenum,  702. 

sulphide,  370. 
Molybdates,  370. 
Monads,  127. 
Monamines,  426. 
Monobasic  acids,  293. 
Monobasylous  radicals,  293. 
Monobrom-camphor,  471. 
Mononitrocellulin,  456. 
Mordants,  146. 
Mori  succits,  532. 
Morphia,  427. 

„       acetate,  427. 

„       analytical    reactions  of, 
428. 

„       detection  of,  in  organic 
mixtures,  548. 
Morpkics  acetas,  427. 

,,      hydrochloras,  427. 

hydrochloras,  impurities  in, 
698. 

Morphine,  427. 

„       hydrochlorate,  427. 


Morphine,  in  organic  mixtures,  de- 
tection of,  548. 
quantitative  estimation 
of,  682. 
Mosaic  gold,  270. 
Moschus,  507. 

,,       moschiferus,  507. 
''Mother-liquor,"  111. 
Motion  from  heat,  83. 
Mountain-blue,  533. 

,,       limestone,  120. 
Mucic  acid,  463. 
Mucilage  of  bael,  454. 

„        elm-bark,  454. 
„         gum  acacia,  117. 
„         linseed,  454. 
„         marshmallow,  454. 
„         slippery  elm,  454. 

squill,  473. 
„         starch,  450. 
,,         tragacanth,  118. 
Miicilago  acacice,  117. 
„       amy  li,  460. 
,,       tragacantkcB,  118. 
Mucuna  pruriens,  266. 
Mucus  in  urine,  562. 
Mudar  tree,  449. 
Mulberry,  sugar  in,  459. 
Mulberry-calculus,  566. 
„      -essence,  496. 
„      -juice,  532. 
Mulder's    process    for  estimating 

alcohol,  687. 
Multiple  proportions,  law  of, 

second  law  of  combination,  42. 
Murexid,  403. 
Musk,  507. 
Musk-deer,  507. 
Mustard,  501. 

„       artificial  oil  of,  502. 
„       essential  oil  of,  502. 
,,       fixed  oil  of,  514. 
Mustard  "plaster,"  501. 
Mylabris  cichorii,  523. 
Myrcia  acris,  474. 
Myristate  of  glyceryl,  513. 
Myristic  acid,  515. 
Myristicene,  520. 
Myristicol,  520. 
Myristin,  513. 

Myronate  of  potassium,  602. 
Myrosin,  602. 
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Myroxylon  Pereircs,  629. 

„        toluifera,  529. 
Myrrh,  528. 
Myrrha,  528. 
Myrrhic  acid,  528. 
Myrtus  communis,  521. 

Naphtlialic  acid,  375. 
Naphthalin,  375. 
Narceia,  428. 
Narcotine,  428. 
Narthex  asafoetida,  527. 
Nascent  state,  32. 
Natal  aloes,  501. 
Nataloin,  501. 
Natrium,  23. 
Nectandra  Bodicsi,  442. 
NectandrcB  cortex,  442. 
Nectandria,  442. 
Needle  iron  ore,  160. 
Neroli  oil,  519. 
Nessler  test,  611. 
Neutral  chromate,  105. 
Neutralization,  95. 
Nickel,  259. 

„       analytical  reactions  of^ 
259. 

„       arsenio-sulphide,  259. 
„       cobalti cyanide,  260. 

cyanide,  260. 

derivation  of  word,  25. 

hydrate,  260. 
„       separation  of,  from  cobalt, 
260. 

„       sulphide,  259. 
Nicker  nuts,  449. 

Nicotia,  nicotine,  nicotina,  or  nico- 

tylia,  445. 
Nicotiana  tahacum,  445. 
Nihilum  album,  140. 
Nim,  449. 
Niobium,  70S. 
Nitrate  of  ammonium,  93. 

„  argent-ammon-ammo- 

nium,  225. 
„         barium,  104. 

bismuth,  278. 
„         iron,  166. 

lead,  232. 
„        mercury,  216. 
„         potassium,  69,  315. 
silver,  239. 


Nitrate  of  silver,  standard  solution 
of,  621. 
„         sodium,  78;  316. 
„         strontium,  251. 
Nitrates,  315. 

„      analytical  reactions  of,  320. 
„       quantitative  estimation  of, 
659  et  seg[. 

Nitre,  316. 
„     cubic,  316. 
„     sweet  spirit  of,  392,  482. 
Nitric  acid,  318. 

„     acid,  antidotes  to,  323. 
„     acid  in  organic  mixtures,  de- 
tection of,  541,  544. 
„     acid,  volumetric  estimation  of, 
619. 

„     anhydride,  321. 
„     anhydride,  radical,  and  acid, 
in  the  liq.  acid  of  different 
densities.  Table  showing  the 
per  cent,  of,  568,  2nd  edit. 
„     oxide,  preparation  of,  320. 
,,     peroxide,  321. 
Nitrite  of  amyl,  496. 

ethyl,  392,  482. 
,,       potassium,  391. 
Nitrites,  391. 

analytical  reactions,  391. 
Nitrobenzol,  465,  498. 

„         in  oil  of  bitter  almonds, 
test  for,  465. 
Nitrocellulin,  456. 
Nitrogen,  15. 

„         derivation  of  word,  22. 

in  the  atmosphere,  15. 
„        oxides,  321. 
„        peroxide,  320. 
„         preparation  of,  16. 

properties  of,  17. 
„         quantitative  estimation 
of,  in  organic  com- 
pounds, 675  et  seq. 
„         relative  weight  of,  17. 
Nitrohydrochloric  acid,  202,  319. 
Nitrous  acid,  320,  321,  391. 
„     anhydride,  320,  321. 
„     ether,  482. 
„     oxide,  93,  321. 
Nomenclature  of  salts : 
alkaloids,  426. 
anhydrides,  82, 
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Nomenclature  of  salts : 
anhydrous  bodies,  82. 
-ate,  68,  72. 

carbonization,  evaporation,  ig- 
nition, incineration,  102. 

double  salts,  75. 

hydrates,  61. 

hydrous  bodies,  82. 

-ic,  -ous,  72. 

-ide,  ite,  72. 

iron  salts,  149. 

mercury  compounds,  212. 
Non-drying  oils,  514. 
Non-metallic  elements,  4. 
Non-metals,  3. 

Nordhausen  sulphuric  acid,  346. 
Notation,  33,  39,  50. 
Notes,  analytical,  246,  287,  407. 
Nutmeg,  expressed  oil  of,  513. 

oil  of,  520. 
Nutrition,  plastic  elements  of,  507. 
Nux  vomica,  437. 

Oatmeal,  450. 
Occlusion,  275. 
Ochre,  531. 
Octahedral,  184. 
GEnanthylic  acid,  515. 
Official  formula,  19. 

„      liquids,  specific  gravity  of, 
592. 

5,      substances,  volumetric  esti- 
mation of,  609  et  se^. 
Officinal  formula,  19. 
Oil,  ajowan,  518. 

„   ajwain,  518. 
almond,  514. 

„   amber,  396. 

„   aniseed,  518. 

„  apple,  496. 

„   arachis,  515. 

„   benne,  515. 

„   bergamot,  519. 

„  bitter-almond,  514. 

„  bitter-almond,  artificial,  465, 
498. 

„  boldo,  519. 

„  buchu,  519. 

„   cacao,  513. 

„  cajuput,  519. 

„  camphor,  522,  523. 

„   Cannabis  indica,  525» 


Oil,  capsicum,  444. 
„   caraway,  519. 
„   cardamoms,  519. 
„   cascarilla,  519. 
5,   cassia,  519. 
„   castor,  514. 
„   cedra,  519. 
„   chamomile,  518. 
,,   cinnamon,  519. 
„   citron,  519. 
,,   citronella,  519. 
„  cloves,  519. 

cocoa-nut,  513. 
„   cod-liver,  514. 

copaiva,  520. 
„   coriander,  520. 
„   croton,  514. 
„   cubeb,  520. 
„   cummin,  520. 
„   dill,  518. 
„   earth-nut,  515. 
„   elder-flower,  521. 
„   fennel,  520. 

garcinia,  513. 
„   garlic,  501. 
„   geranium,  520. 
„   gingelly,  515. 
„   ginger,  522. 
„   ginger-grass,  520. 
,,   grain  s-of-paradise,  520. 
„   ground-nut,  515. 
„   hop,  527. 

„   horseradish,  486,  518. 

„   Indian  hemp,  525. 

„  juniper,  520. 

„   lavender,  520. 

„   lemon,  518. 

„   lemon-grass,  522. 

„  lime,  518. 

,,   linseed,  514. 

,,   lycopodium,  514. 

mace,  fixed,  513. 

mace,  volatile,  521. 
„   male-fern,  514. 
„   mangosteen,  513. 

meadow-sweet,  471,  496. 
„   melissa,  522. 
„   mustard,  artificial,  602. 

mustard,  essential,  501. 
„  mustard,  fixed,  514. 

myrtle,  521. 
„  neroli,  519. 
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Oil,  nutmeg,  fixed,  513. 

„   nutmeg,  volatile,  520. 

„   olibanum,  476. 

„   olive,  510,  514. 

„   omum,  518. 

„   orange-flower,  519. 

„   orange-rind,  518. 

„   orris,  520. 

„   pennyroyal,  520. 

„   pepper,  446. 

5,  peppermint,  520. 
.  „   petit-grain,  519. 

„   pimento,  519. 

„  ptychotis,  518. 

„   rose,  521. 

„   rosemary,  521. 

„   rue,  521. 

,,   saffron,  531. 
santal-wood,  521. 

„   sassafras,  521. 

„   savin,  521. 

„   sesame,  515. 

„   shark-liver,  516. 
spearmint,  520. 

„   sperm,  513. 

„   star-anise,  518. 

„   sweet-flag,  521. 

„  teel,  515. 

„   theobroma,  513. 

„  thyme,  522. 
turmeric,  522. 

„   turpentine,  521. 

,,   valerian,  522. 

„   verbena,  522. 
winter-green,  496. 

,,   water-hemlock,  520. 
Oil-cake,  514. 
Oil  of  vitriol,  345. 
Oils,  analysis,  690. 
drying,  514. 
essential,  516. 

„    essential,  tested  for  alcohol,  517. 

„    fixed,  514. 

„    non-drying,  514. 

„    volatile,  514  ,516. 

,,    volatile,  process  for,  517. 
Oils  and  fats,  composition  of,  510. 
Ointments,  568. 
Okra,  454. 

Oleate  of  glyceryl,  510. 

lead,  233. 
Oleates,  51C. 


Olefiant  gas,  502. 
Oleic  acid,  511. 
Oleine,  510. 
Oleo-resins,  526. 
Oleum  amygdalcB,  514. 

„     andropogi  citratis,  522. 

„     anethi,  518. 

„  anisi-b\S. 

„     anthemidis,  518. 
arachis,  514. 
cajuputi,  519. 

„     carui,  519. 

„     caryophylli,  519. 

,,     cinnamomi,  519. 

„     copaibce,  520. 
coriandri,  520. 

,,     crotonis,  514. 

„     cubebcs,  520. 

,,    juniperi,  520. 

„     lavandulcB,  520. 
limonis,  518. 

„     lini,  514. 

„     macis,  513,  521. 

,,     menthcB  piperitcB,  520. 

„     menthm  viridis,  520. 

„     morrhu(B,  514. 

,,     myristiccB,  520. 

,,     myristiccB  expressum,  513. 
myrti,  521. 

„     oliv(B,  510,  514. 

„     phosphor atum,  366. 

„    pimentcB,  519. 

„    pulegii,  520. 

„     ricini,  514. 

„     rosmarini,  521. 
rutcs,  521, 

„     sabincs,  521. 

,,     sinapis,  521. 

,,     succini,  396. 

terebinthincB,  521. 

„     theobroTTKB,  513. 
Olibanum,  528. 
Olive-oil,  510,  514. 
Omentum,  512. 
Omum  oil,  518. 
Opal,  395. 

Ophelia  chirata,  392. 
Ophehc  acid,  392. 
Opianine,  428. 
Opium,  427. 

detection  of,  in  organic  mix- 
tures, 548. 
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opium,  estimation  of  morphia  in, 
682.  ^ 

„     impurities  in,  698. 
Orange-chrome,  235. 

„     -flower,  519. 

„     -flower  oil,  519. 

,,     -rind  oil,  518. 

„     -wine,  474. 
Orchil,  533. 
Orchis  tuber,  454. 
Orcin,  533. 
Ordeal-poison,  446. 
Orellin,  531. 
Organic  analysis,  671. 
„     bases,  424. 
„     chemistry,  424. 
,,     compounds,  424. 
Orpiment,  178,  531. 
Orris,  butter  of,  520. 

„     oil  of,  520. 
Ortho-,  meaning  of,  390. 
Orthophosphates,  393. 
Orthophosphoric  acid,  392. 
Orthovanadates,  371. 
Oryza  sativa,  450. 

„    sativa,  starch  of  (fig.)>  "^^l- 
Os  mtum,  113. 
Osmium,  275,  703. 
Otto  of  rose,  521. 
Ounce,  587. 
Ourari,  439. 

rous,  meaning  of,  72,  149. 
Ovi  vitellus,  604. 
Ox-bile,  512. 
„  -gall,  512. 

Oxalate  of  ammonium,  94. 

barium,  106,  353. 
calcium,  118,  353. 
„       cerium,  252. 
,,       strontium,  252. 
„       silver,  354. 
„       sodium,  353. 
Oxalates,  352. 

„        analytical  reactions  of, 
353. 

„        from    phosphates  and 
ferric   oxide,  separa- 
tion of,  419. 
„        quantitative  estimation 
of,  666. 
Oxalic  acid,  352. 

,,     acid,  antidotes  to,  353. 


Oxalic  acid  in  organic  mixtures,  de- 
tection of,  544. 
,,     acid,  standard  solution  of,  608. 
Oxide  of  aluminium,  145. 

antimony,  194. 
bismuth,  279. 
calcium,  108. 
chromium,  261. 
copper,  207. 
iron,  black,  165. 
lead,  229. 
magnesium,  123. 
manganese,  253. 
mercury,  221. 
silicon,  396. 
silver,  240. 
tin,  266. 
zinc,  140. 

zinc,  Hubbuck's,  140. 
Oxides  of  nitrogen,  321. 

„     identified,  422. 
Oxidizing  flame,  141. 
Oxyacetate  of  copper,  208. 

lead,  231. 
Oxyacid  saltfe,  317. 
Oxyacids  of  sulphur,  386. 
Oxy carbonate  of  bismuth,  280. 
Oxcy chloride  of  antimony,  194,  199. 
Oxychromate  of  lead,  235. 
Oxygen,  4. 

derivation  of  word,  22. 
from  ozone  and  antozone, 

263. 
in  the  air,  4,  15. 
its  relation  to  animal  and 

vegetable  life,  9. 
preparation  of,  4. 
properties  of,  8. 
quantitative  estimation  of, 
in  organic  compounds, 
671  ef  seq. 
„       solubility  in  water,  8. 
„       specific  gravity  of,  14. 
, ,       weight  of  100  cubic  inches, 
600. 

Oxygenated  water,  105. 
Oxyhydratesofiron,  160. 
Oxyiodate  of  iron,  329. 
Oxymel,  462. 

of  squill,  462. 
Oxynitrates  of  bismuth,  278. 
,,  mercury,  21 6» 
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Oxysalts,  317. 
Oxysvilphate  of  iron,  151. 

„         of  mercury, 21 8. 
Oxysulphide  of  antimony,  196. 

mercury,  226. 
Ozone,  263,  304,  505. 

Palas  tree,  400. 
Palladium,  275,  703. 
Palm-oil,  513. 
Palmitate  of  cetyl,  513. 

„         glyceryl,  513. 
melissyl,  513. 
Palmitic  acid,  515. 
Palmitine,  513. 
Pancreatin,  509. 
Fapaver  rhxas,  532. 

„      somniferiim,  427. 
Papaverine,  428. 
Papaveris  capsules,  427. 
Paper,  bibulous,  110. 
Paper  for  filtering,  110. 
Papers,  test-,  95. 
Para-,  meaning  of,  357. 
Paracyanogen,  310,  311. 
Paraguay  tea,  446. 
Parallin,  452. 
Paratartaric  acid,  357. 
PareircB  radix,  443. 
Paricine,  443. 
Parigenin,  452. 
Paris  blue,  533. 

„    red,  532. 
Particles,  elementary,  29. 
Pearlash,  57. 
Pearl-barley,  450. 
Pearl-sago  starch  (fig.),.  451. 
Pearl-white,  279. 
Peas,  507. 
Pectin,  454. 
Pelargonic  acid,  515, 
Pellitory  root,  526. 
Pelosia,  443. 
Pelosine,  443. 

Pentachloride  of  antimony,  194. 
Pentathionic  acid,  386. 
Pepper,  black,  446. 

„     cayenne,  444. 

,,     cubeb,  446. 

„     long,  446. 

„     white,  446, 
oil  of,  446. 


Pepper,  resin  of,  446. 
Peppermint  oil,  520. 
Pepsin,  509. 
Per-,  meaning  of,  155. 
Perbromates,  300. 
Perch  a  tree,  530. 
Perchlorate  of  potassium,  327. 
Perchloric  acid,  327. 
Perchloride  of  gold,  271. 

„  iron,  154. 

„  platinum,  273. 

tin,  267. 

Perfumes,  518. 
Perhydrate  of  iron,  158. 
Permanganate  of  potassium,  73, 254. 
„  its  use  in  Tolumetric 

analysis,  624. 
Pernitrate  of  iron,  166. 
Peroxide  of  barium,  105. 

„        hydrogen,  105. 
iron,  159,  161. 

„        iron,  hydrated,  1 .59, 160. 

„        lead,  230. 

nitrogen,  320,  321. 
Peroxyhydrate  of  iron,  159. 
Persian  berries,  531. 
Persulphate  of  iron,  157. 
Persulphide  of  hydrogen,  336. 
Peru,  balsam  of,  529. 
Peruvine,  529. 
Petalite,  249. 
Petroleum-testing,  690. 
Pettenkofer's  test  for  presence  of 

bile,  512. 
JPeumus  boldus,  519. 
Pewter,  193,  229,  266. 
Phgeoretine,  377. 
Pharaoh's  serpents,  398. 
JPharhitis  nil,  471. 
Pharbitisin,  471. 

Pharmaceutical  Society  of  Great 

Britain,  examinations  of,  2, 
Pharmacy,  2. 
Phenic  acid,  499. 

„    alcohol,  499. 
Phenol,  499. 
Phenyl,  499. 
Phenylamine,  500. 
Phosphate  of  ammonium,  94. 
„  barium,  106,  370. 

„  calcium,  107,  113. 

370. 
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Phosphate  of  iron,  152,  370. 

magnesium  and  am- 
monium, 125, 368. 

„  magnesium  and  am- 

monium from  ox- 
alates and  ferric 
oxide,  separation 
of,  419. 

„  magnesium  in  bones, 

114. 

„  silver,  241. 

„  sodium,  85. 

„  sodium,  how  pre- 

pared from  phos- 
phate of  calcium, 
115. 

Phosphates,  365. 

„        analytical  reactions  of, 
368.^ 

J,        quantitative  estimation 
of,  666. 
Phosphites,  392,  393. 

„         test  for,  385. 
Phosphomolybdic  acid,  335,  551. 
Phosphorated  oil,  366. 
Phosphoretted  hydrogen,  384. 
Phosphoric  acid,  15,  365,  392. 
„        acid,  diluted,  367. 
J,        acid,  quantitative  esti- 
mation of  free,  667. 
anhydride,  15. 
Phosphorous  acid,  392. 
Phosphorus,  15,  365. 

„  combustion  of,  15. 

„  derivation  of  word, 

23. 

,,  detection  of,  in  or- 

ganic mixtures, 
545. 

„  granulated,  366. 

pill,  366. 
„  properties  of,  15. 

„  red  or  amorphous, 

366. 
trihydride,  384. 
PhthaUc  acid,  375. 
Phyllocyanin,  533. 
Phylloxanthin,  533. 
Fhysostigmatis  faha,  446. 
Physostigmia,  446. 
Physostigmine,  446. 
Picric  acid,  500. 


Picrotoxin,  471. 
Pigments,  530. 
Pills,  568. 
Pilocarpine,  446. 
JPilula  aloes  et  ferri,  151. 

ferri  carbonatis,  151. 
„     ferri  iodidi,  22. 

hydrargyri,  212. 
„     hydrargyri  subchloridi  com^O' 

sita,  221. 
5,    ^liospJiori,  366. 
,,    jplumbi  cum  opio,  231. 
quini(B,  433. 
Pimaric  acid,  525. 
Pimento  oil,  519. 
Pimpinella  anisum,  518. 
Pine-apple,  essence  of,  496. 
Pinic  acid,  525. 
Pink  saucers,  532. 
Pink,  the  common,  472. 
Pins,  266. 
Pint,  587. 
Finus,  525. 
Piper  nigrum,  446. 
Piperia,  446. 
Piperic  acid,  446. 
Piperidia,  446. 
Piperidine,  446. 
Piperine,  446. 
Fistachia  terebinthus,  522. 
Pitch,  527. 

„     burgundy,  526. 
Fix  burgundica,  526. 

„  liquida,  527. 
Flantago  is])aghula,  4:64:. 
Plants  and  animals,  complementary 

action  on  air,  9. 
Plaster  of  ammoniacum  and  mer- 
cury, 212. 
„       mercury,  212. 
Paris,  107. 
Plasters,  233,  525. 
Plastic  elements  of  nutrition,  507. 
Platinic  salts,  273. 
Platinous  salts,  273. 
Platinum,  273. 

„  analytical  reactions  of, 
274. 

„  and  ammonium,  chlo- 
ride of,  99,  274. 

„  and  potassium, chloride 
of,  75,  275. 
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Platinum,  black,  274. 

„         deriyation  of  word,  26. 

foil,  273. 
„         perchloi'ide,  273. 
„         residues,    to  recover, 
275. 
spongy,  275. 
„        sulphide,  274. 
Plumbago,  26. 
Flumbi  acetas,  231. 

„     acetas,  impurities  in,  698. 
„     carbonas,  230. 
„      carbonas,  impurities  in,  698. 
„     emplastrum,  233, 

iodidum,  232. 
„     nitras,  232. 

oscidum,  229. 
„     oxidum,  impurities  in,  698. 
„     subacetatis,  liquor,  231. 
Plumbic  acetate,  sulphate,  etc.,  vide 
Salts  of  lead. 
5,      peroxide,  232. 
Plumbum,  229. 
''Plummer's  pill,"  221. 
Focula  emetic  a,  193. 
Fodo]phylU  radix,  443. 

„        resina,  444. 
Poisonous  alkaloids,  546,  549. 
Poisons,  antidotes  to  (see  Antidotes). 
„      detection   of,    in  organic 
mixtures,  540  et  seq. 
Polybasic  acids,  293. 
Polybasylous  radicals,  293. 
Polychroite,  531. 
Polygala  senega,  472. 
Polygalic  acid,  472. 
Polymerism,  455. 
Polymorphism,  456. 
Polymorphous  bodies,  456. 
Polysulphide  of  calcium,  337. 
Pomegranate-rind,  400. 

„        -root  bark,  400. 
Porcelain,  395. 
Portland  cement,  395. 
Potash,  solution  of  caustic,  58. 

„     solution  of  caustic,  to  prepare 
pure,  62. 
sulphurated,  63. 
„     table  of  strength  of  solutions 

of,  575,  2nd  edit. 
,,     vol.  estim.  of  sol.  of,  609. 
Potash  alum,  145. 


Potash-water,  68. 
Potashes,  57. 
Potassa  caustica,  63. 

„     caustica,  impurities  in,  698. 

,,     sul'phurata,  63. 

,,     sul'phurata,    impurities  in, 
698. 

Potasses  acetas,  65. 

,,      acetas,  impurities  in,  698. 

„     5z(?<2r6o^«s,  impurities  in, 698. 

,,     bichromas,  362. 

„     carbonas,  57. 

„     carbonas,  impurities  in,  698. 

„     chloras,  325. 

,,     chloras,  impurities  in,  698. 

,,     citras,  69. 

„     citras,  impurities  in,  698. 

,,     effervescens  liquor,  68. 

,,     liquor^  58,  62. 

,,      liquor,  to  prepare  pure,  62. 

,,     nitras,  69,  316. 

,,     nitras,  impurities  in,  698. 

„     permanganas,  73,  254. 

permanganas,  impurities  in, 
698. 

„     prussias  flava,  309,  379. 
„     sulphas,  69. 
,,     sulphas,  impurities  in,  699. 
„     sidphurat(B,  unguentum,  64. 
„      tartras,  69. 

„      tartras,  impurities  in,  699. 
„     tartras  acida,  57,  76,  355. 
„     tartras  acida,  impurities  in, 
699. 

Potassic  hydrate,  etc.,  wc^e  Salts  of 

potassium. 
Potassii  bromidum,  72. 

,,     bromidum,    impurities  in, 
699. 

ferricyanidum,  impurities 
in,  699. 
„     iodidum,  70. 
„     iodidum,  impurities  in,  699. 
Potassio-citrate  of  iron,  161. 

-tartrate  of  antimony,  195. 
„      -tartrate  of  iron,  161. 
Potassium,  56. 

acetate,  65. 
„  acid  carbonate,  vide 

Bicarbonate. 
„  analytical  reactions  of, 

74. 
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Potassium  and  platinum,  chlo- 
ride, 75,  275. 
„  and  sodium  tartrate, 

84. 

antimoniate,  87. 
bicarbonate,  66. 
bichromate,  262. 
borotartrate,  373. 
bromate,  73. 
bromide,  72. 
carbonate,  57,  610. 
chlorate,  4,  325. 
chloride,  75. 
chromate,  105. 
citrate,  68. 
cobalticyanide,  258. 
cyanate,  377. 
cyanide,  308. 
derivation  of  word,  23. 
ferrate,  149. 
ferridcyanide,  381. 
ferrocyanide,  309, 379. 
-flame,  76. 
hydrate,  58. 
hydrate,   to  prepare 

pure  solution,  62. 
in  solutions  of  potash 
of  different  densi- 
ties, Table  showing 
the  amount  of  oxide 
of,  575,  2nd  edit, 
iodate,  70,  329. 
iodide,  70,  303,  623. 
manganate,  73,  254. 
myronate,  502. 
nitrate,  69,  315. 
oleate,  511. 
perchlorate,  327. 
permanganate,  73, 
254. 

preparation  of,  57. 
properties  of,  57. 
quantitative  estima- 
tion of,  635. 
quantivalence  of,  57. 
red  chromate  of,  262. 
red  prussiate  of,  381. 
salts,  analogy  of,  to 

sodium  salts,  86. 
sodium,   and  ammo- 
nium, separation  of, 
102. 


Potassium  sources,  57. 
,,  sulphate,  69. 

„  sulphides,  63. 

,,  sulphocyanate,  397. 

„  tartrate,  69. 

„  tartrate  acid,  57,  75, 

356. 

yellow   chromate  of, 

105,  262. 
yellow    prussiate  of, 

309,  379. 

Potato-oil,  495. 

„    -starch  (fig.),  451. 
Poultices,  568. 
Pound,  587. 
Powder,  bleaching,  116. 
Powders,  568. 

„       soda-,  85. 
,,       specific  gravity  of,  596. 
Practical  analysis,  100. 
Precipitant,  75. 
Precipitate,  75. 
Precipitated  chalk,  110. 

sulphur,  337. 
Precipitates,  to  wash,  110. 

,,  weigh,  636. 

Precipitates  soluble  in  solutions  of 

salts,  246. 
Precipitation,  75. 

Preparations  of  the  British  Pharma- 
copoeia, chemical,  570. 
Preparations  of  the  British  Pharma- 
copoeia, galenical,  568. 
Prepared  carbonate  of  calcium,  113. 
chalk,  113. 
lard,  512. 
,,       suet,  513. 
Pressure,  correction  of  vol.  of  gas 

for,  598. 
Pressure-gauges,  574. 
Principles  of  Chemical  Philosophy, 

28  et  seq. 
Printer's  ink,  534. 
Prismatic  nitre,  315. 
Proportions,  atomic,  41. 

constant,  41. 
„         multiple,  42. 
„         reciprocal,  44. 
Proof  spirit,  475. 
Propenyl,  502. 
Prophetin,  468. 
Propionic  acid,  515. 
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Propyl,  486. 
Propylamine,  436. 
Protopine,  428. 
Proximate  analysis,  671. 
Prune,  462. 
Frunum,  462. 
Prumcs  serotina,  465. 
Prussian  blue,  171,  380,  633. 
Prussiate  of  potash,  red,  381. 

of  potash,  yellow,  309, 379. 
Prussic  acid,  308. 
Pseudomorphia,  428. 
Pterocarpi  lignicm.  632.  , 
Pterocarpus  santalinus,  632. 
Ptyalin,  663. 
Ptychotis  ajowan,  468. 
Puce-coloured  oxide  of  lead,  232. 
Puddling  iron,  148. 
Pulveres  effervescentes  aperientes,  85, 
359. 

Pulvis  algarothi,  194. 

„     angelicus,  194. 

„     antimonialis,  198. 

„     ijpecacuanhcB  compositus,  446. 
Punica  granatum,  400. 
Purified  ox-bile,  612. 
Purple  of  Cassius,  272. 

„     foxglove,  active  principle  in, 
467. 
Purpurine,  658. 
Purrate  of  magnesium,  631. 
Purree,  631. 
Pus  in  urine,  662. 
Putty-powder,  268. 
Pyrethri  radix^  626. 
Pyrethrin,  626. 
Pyrites,  copper,  206. 

„      iron,  148. 
Pyroarseniate  of  sodium,  180. 
Pyroarseniates,  181. 
Pyrocatechuic  aldehyd,  406. 
Pyrogallic  acid,  402. 

„        acid,  use  of,  in  gas-ana- 
lysis, 402. 
Pyroligneous  acid,  330. 
Pyrolusite,  253. 
Pyrometers,  678. 
Pyromorphite,  371. 
Pyrophosphates,  393. 
Pyrophosphoric  acid,  368,  393. 
Pyrovanadates,  371. 
Pyroxylic  spirit,  487. 


Pyroxylin^  456. 

Quadrivalence,  50. 
Qualitative  analysis,  100. 
Quantitative  analysis,  571  et  seg^. 
Quanti valence,  50,  126. 

„  of  acidulous  radicals, 

61. 

„  of  atoms,  definition 

of,  54. 

Quartz,  395. 
QuassicB  lignum,  449. 
Quassin,  449. 
Quercitrin,  631. 
Quercitron,  631, 
Quercm  cortex,  399. 

„      tinctoria,  531. 
Quevenne's  iron,  168. 
Quick  lime,  108. 
Quinamine,  437. 
Quince  seeds,  454,  465. 
Quinia,  or  quinine,  431. 

, ,       analytical  reactions  of,  433. 

,,       citrate,  433. 

„       citrate  of  iron  and,  433. 

,,       De  Yrij's  process  for  esti- 
mating, 677. 

„       disulphate,  432. 

„       iodo-sulphate,  435. 

„       kinate,  431. 

„       quantitative  estimation  of, 
677. 

„       sulphates,  432. 
Quinia  wine,  433. 
Quinice  sulphas,  431. 

,,     sulphas,  impurities  in,  699. 
Quinicia,  437. 
Quinicine,  437. 
Quinidia,  436. 
Quinidine,  436. 
Quinine,  431,  436. 
Quinqui valence,  51. 

Racemic  acid,  367. 
Radicals,  acidulous,  61,  127. 

„        acidulous,  formulae  of, 
61. 

„        alcohol-,  485. 
„        basylous,  127. 
„        defiiiition  of,  61. 
Eai,  502, 

Eaisins,  355,  459,  462. 
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Raspberry,  sugar  in,  459. 
Eational  formulae,  476,  676. 
Eeactions,  analytical,  57. 

„        synthetical,  57. 
Eeagents,  list  of,  xiv. 
Real  alcohol,  476. 
Realgar,  178. 

Reaumur's  thermometer,  575. 
Reciprocal  proportions,  law  of,  44. 
Rectification,  133. 
Rectified  oil  of  turpentine,  521. 

spirit,  133. 
Red,  Venetian,  161. 
Red  chromate  of  potassium,  262. 
„    colouring-matters,  532. 
„    corpuscles  in  blood,  505. 
„    earth,  532. 
5,    enamel  colours,  533. 
„    gravel,  558. 
„    haematite,  148. 
„    iodide  of  mercury,  215. 
„    lead,  230. 
„    litmus-paper,  95. 
„    ochre,  632. 
,,    oxide  of  iron,  161,  532. 
,,    phosphorus,  366. 
„  -poppy  petals,  532. 
5,    precipitate,  221. 
,,    prussiate  of  potash,  381. 
„  -rose  petals,  532. 
„    sandal-wood,  532. 
„    sanders-wood,  532. 
Reduced  indigo,  322. 

„       iron,  167. 
Reducing  flame,  141. 
Reinsch's  test  for  arsenicum,  184. 
Relative  weight  of  hydrogen  and 

oxygen,  14, 
Rennet,  506. 
Beseda  luteola,  531. 
Resin,  522,  524. 

„     of  arnica,  525. 
„     of  cannabis,  525. 
,,     of  capsicum,  525. 
„     of  castor,  525. 

of  ergot,  525. 
„     of  guaiacum,  469,  525. 
„     of  Indian  hemp,  525. 
„     of  jalap,  470,  525. 
„     of  kamala,  526. 
„     of  kousao,  525. 
„    of  m?k«tic,  525. 


Resin  of  mezereon,  526. 

„     of  pepper,  446,  526. 

„     of  podophyllum,  444,  520. 

„     of  pyrethrum,  526. 

„     of  rottlera,  526. 

„     of  scammony,  472. 
Besina,  524. 

Resinoid  substances,  524. 
Resins,  524. 

Respiratory  materials  of  food,  507. 
Retort,  132. 

Bhamni  succus,  466,  480. 
Rhamnin,  531. 
Bhamnus  catharticus,  533. 

„       infectorius,  533. 
Rhaponticin,  376. 
Rhatany  root,  401* 
Bhei  radix,  376. 

„        impurities  in,  699. 
Rheic  acid,  377. 
Rhein,  377. 
Rheumin,  377. 
Rhodium,  275,  703. 
Rhoeadine,  428. 
Bhaeados  petala,  532. 
Rhubarb,  oxalate  of  calciuDi  from, 

352,  558. 
Rhubarbaric  acid,  377. 
Rhubarbarin,  377. 
Bhus  cotinus,  531. 
Rice,  450. 

Rice-starch  (fig.),  451. 
Ricinine,  514. 

Ricinoleate  of  glyceryl,  514. 
Ricinoleine,  514. 
Ringworm  powder,  376. 
Boccella,  533. 
Roche  alum,  145. 
Rochelle  salt,  70,  84,  356. 
Rock  alum,  145. 
Rock-salt,  78,  294. 
Rohun-bark,  449. 
Roll  sulphur,  335. 
Roman  cement,  395. 
BoscB  canincB  fructus,  461. 

„    centifolim  j^etcda,  521,  532. 

,,  galliccB  petcda,  532. 
Roscoe'a  vanadium,  371. 
Rose-aniline,  534. 

„  -oil,  521. 

„  -petals,  521,  532. 

„  -water,  517. 


752 


INDEX. 


Rosemary-oil,  521. 
Rosin,  522,  524. 
Bottler  a  tinctoria,  526. 
Rottlerin,  526. 
Rouge,  animal,  376. 

,,     mineral,  161,  532. 
„     vegetable,  532. 
Rubia  tinctorum,  532. 
Rubian,  532. 
Rubidium,  703. 
Ruby,  144. 
Rue-oil,  521. 
Rumicin,  377. 
Rust  of  iron,  149. 
Rutate  of  glyceryl,  513. 
Ruthenium,  275,  703. 
Rutic  acid,  515. 
„     aldehyd,  521. 

Sabadilla,  447. 

Sabadillia,  or  sabadilline,  447. 

Saccharated  carbonate  of  iron,  151. 
,,  carbonate  of  iron,  volu- 
metric estimation  of, 
629. 

Saccharic  acid,  463. 
Saccharine  substances,  449. 
Saccharometer,  594. 
Saccharometry,  594. 
8accharum  lactis,  460. 

„        purificatum,  459. 

„        ustum^  462. 
Safety-lamp,  14. 
Safety-tube,  396. 
Safflower,  532. 
Saffranin,  531. 
Saffron,  531. 

bastard,  532. 
„      dyer's,  532. 
„      oil  of,  531. 
Safren,  521. 
Safrol,  521. 
Sago,  450. 

„     starch  (fig.),  451. 
Sal-ammoniac,  89. 
Salep,  454. 
Sahcin,  471. 

Salicyl,  hydride  of,  471,  496. 
SaHcylate  of  methyl,  496. 
SalicyUc  acid,  496. 
Salicylous  acid,  496. 
Saligenin,  471. 


Saliva,  563. 
Sal  ^prunella,  316. 
Sal  volatile,  93. 
Salseparin,  472. 
Salt,  common,  78,  294. 
,,    definition  of  a,  56. 
„    of  sorrel,  353. 
Saltpetre,  316. 

„      ChiH,  316. 
Salts,  acid,  336. 

„     action  of  the  blowpipe  on,  14L 

„     action  of  heat  on,  416. 

„    action  of  sulphuric  acid  on,416. 

,,     analogies  of,  86. 

,,     analysis  of  insoluble,  418. 

„     constitution  of,  61,  126,  127, 

292,  316,  333,  424. 
„     formation  of,  66. 
„     nomenclature  of,  72. 
„     of  ammonium,  volatility  of, 
100. 

„     of  iron,  nomenclature  of,  149. 
„     physical  properties  of,  415. 
„     substitution  of  for  each  other, 
86. 

,,     table  of  the  solubility  or  in- 
solubility of,  in  water,  410. 
Sambucene,  521. 
Sambuci  jlores,  521. 
Sand,  395. 
Sand-bath,  19. 

„   -tray,  19. 
Sandal-wood,  oil  of,  521. 

red,  532. 
white,  521. 
„         yellow,  521. 
Sandstone,  395. 
Santalin,  532. 
Santalum  alburn^  521. 
Santonica,  472. 
Santonin,  471. 
Santoninum,  471. 

„         impurities  in,  699. 
Santoniretin,  472. 
Sap-green,  533. 
Sapan-wood,  532. 
Sapo  animalis,  512. 
„    durus,  511. 
,,    durus,  impurities  in,  699. 
„    mollis,  511. 
„    mollis,  impurities  in,  699. 
Saponin,  472. 
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Sapphire,  144. 

SarcincB  mntriculi  in  urine,  564. 
Sarcolactic  acid,  388. 
Sarsaparilla,  472. 
Sarzce  radix,  472. 
Sassafras-oil,  521. 
Sassafras  radix,  521. 
Sassafrol,  521. 

Saturated  solutions,  boiling-points 
of,  578. 

Saturating  power  of  citric  acid,  363, 
701. 

„        power  of  tartaric  acid, 
358,  701. 
Saturation,  65. 

tables,  358,  363,  701. 

Saturn,  230. 

Saturnine  colic,  230. 

Savin-oil,  521. 

Saxon  blue,  533. 

Saxony  blue,  533. 

Scale  compounds  of  iron,  161. 

Scammoni(B  radix,  472. 

resina,  472. 
„         resina,    impurities  in, 
699. 

Scammonin,  472. 
Scommoniol,  472. 
Scammonium,  472,  699. 
Scammony,  resin  of,  472. 
Scents,  518. 
Scheele's  green,  189. 
Schist,  144. 

Schonbein's    test  for  hydrocyanic 

acid,  314. 
Schweinfurth  green,  190. 
Science  of  chemistry,  2. 
Bcilla,  454,  473. 
Scillitin,  473. 
Scoparii  cacumina,  446. 
Scoparin,  446. 
Sea-salt,  78. 

Sediments,  urinary,  557, 

„         urinary,  microscopic  ex- 
aminations of,  559. 
Seidlitz  powder,  358. 
Selenium,  703. 
SenegcB  radix,  472. 
Senna  alexandrina,  465. 

,,     indica,  465. 
Sepia,  534. 
Serolin,  505. 


Serpentari(B  radix,  449. 
Serpent's  excrement,  404. 
Sesame-oil,  465. 
Sesamum  indicum,  465. 
Sevum  jprcsparatum,  513. 
Sexi valence,  51. 
Shale,  144. 
Shark-liver  oil,  516. 
Sherry  wine,  474. 
Sienna,  533. 

Sifting,  an  aid  to  analysis,  415. 
Silica,  395. 

Silicate  of  aluminium,  144. 
,,       calcium,  107. 
„       magnesium,  395. 
Silicates,  395. 

„         quantitative  estimation 

of,  669. 
,,        tests  for,  395. 
Silicic  acid,  395. 

,,     anhydride,  395. 
Siliciuretted  hydrogen,  396. 
Silico-fluoride  of  barium,  106. 
Silicon,  derivation  of  word,  25. 
Silicon  chloride,  396. 
„     fluoride,  396. 
„     hydride,  396. 
„     oxide,  398. 
Silver,  237. 

ammonio-nitrate,  190,  225. 
„  analytical  reactions  of,  240. 
„  antidotes  to  nitrate  of,  241. 
„      arseniate,  190,  241. 

arsenite,  190. 
„      bromide,  241. 

chloride,  240. 
,,      chromate,  241. 
,,      citrate,  364. 
„      coinage,  238,  595. 
,,      cyanide,  241. 
,,      derivation  of  word,  24. 
, ,      estimation  of,  by  cupellation, 
656. 

„      extraction  of,  237. 

,,      german,  136. 

„      iodide,  241. 

,,      nitrate,  pure,  239. 

,,      nitrate,  impure,  237. 

,,      oxalate,  354. 

„      oxide,  240. 

„      phosphate,  241. 

„      pure,  238. 
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Silver,  quantitative  estimation  of, 
655. 

„      standard  solution  of  nitrate 
of,  621. 

„      sulphide,  2-10. 

sulphide,  native,  237. 

„      sulphite,  3-i2. 

„      tartrate,  360. 
tree,  241. 

„      volumetric    estimation  of, 
656. 
Sinalbin,  501. 
Sinapine,  502. 
Sinapis,  501. 

„      impurities  in,  699. 
Sinigrin,  502. 
Siphon,  113. 
Size,  508. 
Slaked  lime,  109. 
Slate,  144. 
Smalt,  257,  533. 
Smilacin,  472. 

Soap,  ammonium,  calcium,  hard,  po- 
tassium, sodium,  soft,  511. 
„    curd,  512. 
Soap-stone,  534, 
„  -wort,  472. 
Socaloin,  501. 
Socotrine  aloes,  501. 
"Soda,"  78,  349. 
Soda  powders,  85. 
Soda,  caustic,  79. 

solution  of  chlorinated,  84. 
solution,  table  of  strength  of, 
575,  2nd  edit. 
„    standard  solution  of,  618. 
„    valerianate  of,  404. 

volumetric  estimation  of,  610. 
,,    water,  83. 
Soda-alum,  145. 
„  -ash,  86,  349. 
„  -Hme,  676. 
Soda  caustica,  79. 
„    caustica,  impurities  in,  699. 
tartar ata,  70,  84,  357. 
tartar ata,  impurities  in,  699. 
Sodm  acetas,  80. 
,,    acetas,  impurities  in,  699. 
,,    arsenias,  181. 
,,    arsenias,  impurities  in,  699. 
„    bicarbonas,  80,  349. 
„    bicarbonas,  impurities  in,  699. 


SodcB  carbonas,  349. 

„    carbonas,  impurities  in,  699. 
„    carbonas  exsiccata,  82. 

chloratcB,  liquor,  84. 
„    citro-tartras  effervescens,  85. 
,,    hi/pophosphis,  384. 
, ,    hyposulphis,  impurities  in,  699. 
„    liquor,  79. 
„    nitras,  316. 

nitras,  impurities  in,  699. 
„   phosphas,  115. 
,,   phosphas,  impurities  in,  699. 
,,    sulphas,  296. 
,,    sulphas,  impurities  in,  700. 
„    sulphis,  340,  341. 
,,    valerianus,  404. 
,,    valerianus,  impurities  in,  700. 
Sodic  carbonate,  etc.,  vide  Salts  of 

sodium. 
Sodii  chloridum,  78. 
Sodio-citrate  of  iron,  161. 

,,    -tartrate  of  iron,  161. 
Sodium,  78. 

„       acetate,  80. 

„       acid  carbonate,  80. 

,,       acid  sulphate,  296. 

„       acid  tartrate,  84. 

,,       analytical  reactions  of,  86. 

„       and   aluminium  double 

chloride,  144. 
„       antimoniate,  87. 

arseniate,  180. 
„       arsenite,  178. 
,,       bicarbonate,  80. 
„       bisulphite,  341. 
,,       bromate,  86. 
„       bromide,  86. 
carbonate,  78. 
carbonate,  manufacture 

of,  85,  349. 
chlorate,  manufacture  of, 
86. 

„       chloride,  78. 
„       chelate,  512. 
„       citrate,  86. 
„       derivation  of  word,  23. 
„       -flame,  86. 
„       glycocholate,  512. 
„       hydrate,  79. 
„       hypochlorite,  84. 
„       hypophosphite,  384. 
„       hyposulphite,  385. 


INDEX. 


755 


Sodium  in  solutions  of  soda  of  dif- 
ferent densities,  Table 
showing  the  amount  of 
oxide  of,  575,  2nd  edit. 

„       iodate,  86. 

„       iodide,  86. 

„  manganate,  86. 
nitrate,  78,  316. 
other  compounds  of,  85. 

„       oxalate,  353. 

„       permanganate,  86. 

„       phosphate,  85. 

„  phosphate,  how  prepared 
from  phosphate  of  cal- 
cium, 115. 

„  potassium  and  ammo- 
nium, separation  of, 
102. 

„       pyroarseniate,  180. 

„       quantitative  estimation  of, 

610,  640. 
„       salts,  analogy  of,  to  potas- 
sium salts,  86. 
salts,  sources  of,  78. 
sulphate,  298. 
sulphite,  340,  341. 
„       taurocholate,  512. 
,,       valerianate,  404. 
Soft  soap,  511. 
Soils,  analysis  of,  690. 
Solania,  446. 
Solanidine,  446. 
Solanine,  446. 
Solanum  dulcamara,  446. 

tuberosum,  starch  of  (fig.), 
451. 

Solazzi  juice,  469. 
Solder,  229,  266. 
Solid,  definition  of,  53. 
Solid  fats,  572. 

„     potash,  63. 
Solids,  to  take  the  specific  gravity 

of,  595  et  seq. 
Solids  lighter  than  water,  to  take  the 

specific  gravity  of,  597. 
Solubility  of  carbonic  acid  gas  in 
water,  83. 
„        of  gases  in  water,  83. 
,,        of  precipitates  in  strong 

solutions  of  salts,  246. 
5,        or  insolubility  of  salts  in 
water,  Table  of,  410. 


Soluble  cream  of  tartar,  373. 
„     glass,  396. 

„      substances,  to  take  the  speci- 
fic gravity  of,  596. 
„      tartar,  373. 
Solution  of  acetate  of  ammonium, 
92. 

„  acetate  of  copper,  208. 

,,  acetate  of  lead,  231. 

acetate  of  potassium, 
65. 

acetate  of  sodium,  80. 
albumen,  504. 
ammonia,  91. 
ammonio-nitrate  of 
silver,  190. 
„  ammonio-sulphate  of 

copper,  190. 
„  ammonio-sulphate  of 

magnesium,  667. 
„  arsenic  in  acid,  179. 

arsenic  in  alkali,  178. 
„  boracic  acid,  372. 

,,  bromine,  300. 

carbonate  of  ammo- 
nium, 92. 
chloride    of  ammo- 
nium, 89. 
chloride  of  antimony, 
193. 

,,  chloride  of  barium, 

104. 

„  chloride   of  calcium, 

108. 

5,  chloride  of  calcium, 

saturated,  108. 

chloride  of  gold,  272. 
,,  chloride  of  tin,  267. 

,,  chloride  of  zinc,  138. 

,,  chlorinated  lime,  117. 

„  chlorinated  soda,  84. 

chlorine,  19,  297. 
,,  citrate  of  ammonium, 

94. 

ferridcyanide  of  potas- 
sium, 382. 
ferrocyanide  of  potas- 
sium, 310,  379. 
gelatine,  508. 
,,  iodate  of  potassium, 

71,  329. 
iodide  of  potassium,71. 
2l2 
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Solution  of  iodine,  303. 

lime,  109. 
„  litmus,  95. 

nitrate    of  mercury, 
217. 

„  oxalate  of  ammonium, 

95. 

„  perchloride   of  iron, 

164,  156. 

„  perchloride  of  mer- 

cury, 219. 

„  perchloride  of  plati- 

num, 273. 

„  pernitrateof  iron,  167. 

„  persulphate   of  iron, 

157. 

phosphate  of  sodium, 
115. 

„  phosphoric  acid,  367. 

„  potash,  58,  62. 

„  red  prussiate  of  potash, 

382. 

„  soda,  79. 

„  strychnia,  439. 

,,  sulphate  of  calcium, 

118. 

„  sulphate    of  indigo, 

322. 

„  sulphate  of  iron,  150. 

„  sulphide    of  ammo- 

nium, 96. 
„  sulphydrate  of  ammo- 

nium, 96. 
„  tartaric  acid,  357. 

„  yellow    prussiate  of 

potash,  379. 
Sonnenschein's  process  ior  poisonous 

alkaloids,  551. 
Soot,  21. 
Soubresauts,  310. 
Source  of  heat,  6. 
Sovereign,  weight  of  the,  271. 
Boymida  febrifuga,  449. 
Spanish  liquorice,  468. 
Spar,  fluor-,  107. 

„    heavy,  104. 
Sparteia  or  sparteine,  446. 
Spathic  iron-ore,  148. 
Spearmint-oil,  520. 
Specific  gravity,  590. 

„     gravity  of  gases,  597. 
gravity  of  liquids,  591. 


Specific  gravity  of  official  liquids, 
592. 

,,     gravity  of  oxygen,  14. 
„     gravity  of  powders,  596. 
,,     gravity  of  solids,  595. 
,,      gravity  of  solids  lighter  than 

water,  597. 
, ,     gravity  of  soluble  substances, 

596. 

„     heat,  134,  601. 

„      weight,  590. 
Spectroscope,  290,  539. 
Spectrum  analysis,  290,  539. 
Specular  iron-ore,  148. 
Speculum  metal,  266. 
Speiss,  259. 
Spermaceti,  513. 
Spermatozoa  in  urine,  663. 
Sperm-oil,  513. 
Bpircsa  ulmaria,  471,  496. 
Spirit^  methylated,  487. 

„     proof,  476. 

„     pyroxylic,  487. 

„     rectified,  133,  475. 

,,     wood-,  487. 
Spirit  of  French  wine,  478. 

„     of  myrcia,  474. 

„     of  nitrous  ether,  482. 

„     of  nitrous  ether,  adulterated, 
488. 

„     of  turpentine,  522. 
„     of  wine,  475. 

of  wine,  impurities  in,  700. 
Spirits,  568. 

„     analysis  of,  687. 
S^piritus  (stkeris,  482. 

(stheris  nitrosi,  392,  482. 
„      cetheris  nitrosi,  impurities  in, 
700. 

ammonice  aro7naticus,  93. 
,,      ammonice  aromaticus,  impu- 
rities in,  700. 
,,      ammonice  foetidus,  93. 
„      armor acice  com^positus,  518, 
,,      cajujputi,  518. 

chloroformi,  impurities  in, 
700. 

„     juniperi,  518. 
„      lavandulce,  518. 

menthce  piperitce,  518. 
„      myrcicB,  474. 
„      myristiGce,bl8 . 
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Spiritus  rectiflcatus,  475. 

rectificatus,  impurities  in, 
700.^  . 
„      rosmarini,  518. 
tenuior,  475. 
tenuior,  impurities  in, 
700. 

„      vini  gallici,  478. 
Spodumene,  249. 
Spogel  seeds,  454. 
Spongy  platinum,  275. 
Spruce  fir,  526. 
Spurge  laurel,  526. 
Squalus  carcharias,  516. 
Squill,  454,  473. 
Standard  gold,  271. 
Standard  solution  of  hyposul- 
phite of  sodium,  631. 
„        solution  of  iodine,  624. 
■5,         solution  of  nitrate  of 

silver,  621. 
„        solution  of  oxalic  acid, 
608. 

„         solution  of  red  chr  ornate 

of  potassium,  628. 
„         solution  of  soda,  618. 
„         solution    of  sulphuric 
acid,  616. 
Stannate  of  sodium,  268. 
Stannates,  268. 
Stannic  acid,  288. 

anhydride,  268. 
„     chloride,  267. 
„     oxide,  268. 
„     sulphide,  269. 
„     sulphide,  anhydrous,  270. 
Stannous  chloride,  267. 

„        chloride,  solid,  267. 
hydrate,  269. 
oxide,  269. 
sulphide,  269. 
Stannum,  25. 
Star-anise  oil,  518. 
Starch,  blue,  449. 

„      quantitative  estimation  of, 
685. 

„  -sugar,  461. 
„     white,  449. 

Starches,  microscopy  of,  451. 

Stas's  process  for  poisonous  alka- 
loids, 549. 

Stavesacre,  445. 


Steam-bath,  114. 
Stearic  acid,  511,  515. 
Stearine,  511. 
Stearoptens,  517. 
Steatite,  534. 
Steel,  148. 

„     wine,  165. 
Stibium,  24. 
Stick  liquorice,  469. 
Still,  132. 

Stoddart's  test  for  quinine,  434. 
Stone-coal,  266. 

„     red,  532. 
Storax,  529. 
Stramonii  folia,  442. 

,,       semina,  442. 
Strasburg  turpentine,  522. 
Strawberry,  sugar  in,  459. 
Stream-tin,  266. 
Strontianite,  250. 
Strontium,  250. 

„         analytical  reactions  of, 
251. 

„  carbonate,  250. 

,,         derivation    of  word, 
25. 
flame,  252. 
„  nitrate,  251. 

„  sulphate,  251. 

Structure  of  flame,  13. 
Strychnia  or  strychnine,  437. 

„       or  strychnine,  impurities 
in,  700. 

„       analytical    reactions  of, 
438. 

„       in  organic  mixtures,  de- 
tection of,  546. 
Strychnos  ignatius,  438. 

,,       nux  vomica,  437. 
Styracin,  529. 
Styrax  benzoin,  528. 

,,     fvceparatus,  529. 
Styrol,  529. 
Styrone,  529. 

Subacetate  of  copper,  208. 

of  lead,  231, 
Subchloride  of  mercury,  220. 
Sublimation,  92. 
Sublimed  sulphur,  335. 
Subnitrate  of  bismuth,  278. 
Substances  readily  deoxidized,  quan- 
titative estimation  of,  630. 
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Substances  readily  oxidized,  quanti- 
tative estimation  of,  624. 
Substitution-products,  491. 
Succi,  568. 

Succinate  of  potassium,  397. 
Succinic  acid,  396. 
Succinum,  396. 
Succus  limonum,  362. 
Sucrose,  459. 
Suet,  513. 

„    prepared,  513. 
Sugar,  458. 

„     amount  in  various  fruits, 
459. 

„     brown,  459. 

„    -candy,  459. 

„    -cane,  459. 

„     detection  of  in  urine, 

555. 
„     grape-,  459. 
„     inverted,  458. 
„     lump,  459. 
„    -maple,  459. 
„     milk-,  460. 
„     moist,  459. 
„     of  gelatine,  512. 
„     of  lead,  231. 
„     quantitative   estimation  of, 

684. 

„     test  for,  458. 
Sulphate  of  aluminium,  145. 

„  aluminium  and  am- 

monium, 144. 
„  ammonium,  89. 

„  barium,  105. 

bismuth,  280. 
calcium,  107,  118. 
„  chromium,  262. 

cobalt,  258. 
„  copper,  208. 

„  copper,  anhydrous, 

208. 

„  cupr-diammon-diam- 
monium,  225. 

indigo,  322. 
„  iron,  150. 

„  iron,   solution  of, 

150. 

lead,  235. 
„  magnesium,  121. 

„  mercury,  217. 

J,  potassium,  69. 


Sulphate  of  quinine,  431. 
„  sodium,  296. 

,,  strontium,  251. 

zinc,  136. 
Sulphates,  343. 

„        analytical  reactions  of, 
346. 

,,       quantitative  estimation 
of,  663. 
Sulphethylic  acid,  480. 
Sulphide  of  allyl,  501. 

„  ammonium,  96. 

antimony,  193,  198. 
,,  arsenicum,  178,  188. 

„  arsenicum,  native, 

178. 

„  barium,  104. 

bismuth,  281. 
„  cadmium,  276. 

cobalt,  257. 

iron,  22,  153,  169, 
171. 

lead,  234. 
,,  lead,  native,  229. 

,,  manganese,  256. 

,,  mercury,  225. 

,,  mercury,  native,  211. 

nickel,  259. 
„  potassium,  63. 

„  silver,  240. 

„  silver,  native,  237. 

„  zinc,  141. 

„  zinc,  native,  136. 

Suli^hides,  335. 

„       analytical    reactions  of, 
339. 

„       quantitative  estimation  of, 
662, 

Sulphindigotic  acid,  322. 
Sulphindylic  acid,  322. 
Sulphite  of  barium,  342. 
„         calcium,  342. 
„         magnesium,  341. 
silver,  342. 
sodium,  340,  341. 
,,         zinc,  141. 
Sulphites,  340. 

„         analytical  reactions  of, 
341. 

quantitative  estimation 
of,  663. 

Sulphocarbolates,  500. 


INDEX. 


759 


Sulphocarbolic  acid,  500. 
Sulphocyanate  of  acrinyl,  501. 

allyl,  501,  521. 
butyl,  486,  518. 
iron,  171,  397. 
Sulpbocyanates,  397. 
Sulphocyanic  acid,  397. 
Sulphocyanides,  398. 
Sulphocyanogen,  398. 
Sulphophenates,  500. 
Sulphophenic  acid,  500. 
Sulphostannates,  269. 
Sulphoyinic  acid,  346,  480. 
Sulphur,  20. 

adulteration  of,  338. 
allotropy  of,  336,  456. 
analytical  reactions  of, 

339. 
arsenic  in,  189. 
bromide,  339. 
chloride,  339. 
derivation  of  word,  23. 
estimation  of,  662. 
flowers  of,  335. 
hypochloride,  339. 
iodide,  303. 
liver  of,  63. 
milk  of,  337. 
oxyacids,  386. 
plastic,  336. 
precipitated,  337. 
roll,  335. 
sublimed,  335. 
Sulphur  lotum,  336. 

prcBoipitatum,  337. 
^rcpcipitatum,  impurities  in, 
700. 

suhlimatum,  335. 
suhlimatum,  impurities  in, 
700. 

Sulphurated  antimony,  196. 

„         potash,  63. 
Sulphurets,  vide  Sulphides. 
Sulphuretted  hydrogen,  96,  335. 
Sulphuric  acid,  343. 

acid,  antidotes  to,  347. 
acid,  aromatic,  346. 
acid,  dilute,  345. 
acid,  fuming,  346. 
acid,  Nordhausen,  346. 
acid  in  organic  mixtures, 
detection  of,  541,  544. 


Sulphuric  acid,  purification  of,  345. 
,,        acid,  standard  solution  of, 
616. 

„  acid  and  sulphui'ic  anhy- 
dride in  dilute  acid 
of  different  densities, 
Tables  showing  per- 
cent, of,  566,  2nd  edit. 

,,  acid,  volumetric  estima- 
tion of,  619. 

„        anhydride,  346. 
Sulj>huris  iodiditm,  303. 

iodidum,  impurities  in, 
700. 

Sulphurous  acid,  21,  340. 

acid,  volumetric  estima- 
tion of,  625. 
,,         anhydride,  340. 
Sulphydrate  of  ammonium,  solution 

of,  96.  ^ 
Sulphydric  acid,  335. 
Sumatra  camphor,  523. 
Sumbul,  527. 

root,  527. 
Sumbul  radix,  527. 
Superphosphate  of  lime,  365. 
Supporters  of  combustion,  13. 
Suppositoria  acidi  tannici,  399. 
„         morphicB,  428. 

plwnbi  composita,  22>\ . 
Suppositories,  568. 
Surface  unit,  584. 
Surgery,  2. 
Sweetbread,  509. 
Sweet  spirit  of  nitre,  392,  482. 

spirit  of  nitre,  adulterated, 
488. 
Sylvic  acid,  525. 
Symbol,  function  of,  34. 
Symbols  of  elements,  22  et  seq. 

„      illustration  of  chemical  ac- 
tion by,  34. 
Sympathetic  inks,  259. 
Synaptase,  464. 
Synthesis,  57,  74. 
Syphon,  see  Siphon. 
Syrup  of  iodide  of  iron,  22. 
Syrupi,  impurities  in,  700. 
Syrups,  568,  593. 

,,      specific  gravities  of,  593. 
Syrupus  ferri  iodidi,  22. 

ferri  phosphatis,  153. 
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Syrupus  aurantii,  518. 
„      aurmitii  floris,  519. 

Tabaci  folia,  446. 

Tables,  various  (see  Appendix). 

Talc,  144. 

Tamarindus,  361. 

„         impurities  in,  700. 
Tannic  acid  or  tannin,  398. 
Tanning,  399. 
Tantalum,  703. 
Tapioca,  450. 

„       starch  (fig.),  451. 
Taraxaci  radix,  449. 
Taraxacin,  449. 
Tartar,  cream  of,  57,  70,  76. 
„      emetic,  195. 

„      emetic,  estimation  of  anti- 
mony in,  650. 
,,      meaning  of,  195,  355. 
Tartarated  antimony,  195. 
Tartaric  acid,  355. 

„  saturating  power  of, 

358,  701. 
„  solution  of,  357. 

Tartarus  boraxatus,  373. 
Tartrate  of  ammonium,  99. 

antimony  and  potas- 
sium, 195,  356. 
„  calcium,  359. 

„  potassium,  acid,  57, 70, 

76,  355. 
„  potassium,  neutral,  69, 

357. 

„  potassium  and  sodium, 

84,  357. 
silver,  360. 
,,  sodium,  84. 

Tartrates,  69,  355. 

„         analytical  reactions  of, 
359. 

„         volumetric  estimation 
of,  610,  615. 

Taurine,  512. 
Taurocholates,  512. 
Teal  oil,  515. 
Telini  fly,  523. 
Tellurium,  703. 

Temperature,  correction  of  vol.  of 
gas  for,  598. 
,,  measurement  of,  574. 

Terebinthina  canadensis,  527. 


Terra  di  sienna,  532. 
Terra  japonic  a,  400. 
Test-papers,  95. 

,,  -tube,  4. 
Tetramines,  425. 
Tetrathionic  acid,  386. 
Tetryl,  486. 
Thaileioquin,  433. 
ThaUium,  703. 
Thebaia,  428. 
Theia,  446. 
Theine,  446. 
Thenard's  blue,  533. 
Theobroma-oil,  513. 
Therapeutics,  definition  and  deriva 

tion  of,  2. 
Theriaca,  462. 
Thermometers,  574. 

,5  Celsius's,  575. 

,,  Centigrade,  575. 

„  Fahrenheit's,  575. 

„  Reaumur's,  575. 

Thermometric  scales,  conversion  o 

degrees  of,  577. 
Thionic  acids,  386. 
Thorinum,  703. 
Thorium,  703. 
Thorn-apple,  442. 
Thus  americanum,  527. 
Thyme,  522. 
Thymene,  522. 
Thymol,  518,  522. 
Thymus  vulgaris,  520,  522. 
Tiglic  acid,  514. 
Tin,  266. 

„     amalgam,  266. 

,,    analytical  reactions  of,  268. 
antidotes  to,  270. 

„    block,  266. 

„    chloride,  267. 

„     derivation  of  vs^ord,  25. 

„    dropped  or  grain,  266. 

„    foil,  266. 

,,    granulated,  266. 

„    oxide,  268. 

„    perchloride,  267. 

„    plate,  266. 

„    prepare-liquoi,  268. 

„   -stone,  266. 

„    tacks,  266. 

,,   -white  cobalt,  257. 
Tincal,  372. 
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Tinctura  ferri  acetatis,  158. 

ferri  perchloridi,  157. 

iodi,  303. 

quinicB,  433. 

quinicB  ammoniata,  433. 
TincturcB,  157. 
Tinctures,  157,  568. 
Tinnevelly  senna,  465. 
Tinospora  cordifolia,  449. 
Titanium,  703. 
Tobacco,  445. 
ToddalicB  radix,  449. 
Tolene,  477. 
Tolu,  balsam  of,  529, 
Toluol,  498. 
Toxicology,  540. 
Tragacanth,  118. 
Treacle,  462. 
Triads,  127. 
Triamines,  425. 
Triangle,  wire,  100. 
Tri  basic  acids,  293. 
Tribasylous  radicals,  293. 
Triethylamine,  425. 
Triethylia,  425. 
Trinitro-carbolic  acid,  500. 
Trinitrocellulin,  456. 
Triphane,  249. 
Trithionic  acid,  386. 
Triticum,  starch  of  (fig.),  451. 
Trityl,  486. 
Tritylia,  426. 
Trivalence,  50. 

Trivalent  radicals,  50,  62,  127. 
Trochisci  acidi  tannici,  399. 

„       hismuthi,  279. 

„      ferri  redacti,  168. 

„       morphice,  428. 

„       morphim  et  ipecacuanhcB, 
428. 

„      jpotasscB  chloratis,  327. 
sodcB  hicarbonatis,  84. 
Tube-funnels,  10. 
Tubes  for  collecting  gases,  6. 

glass  (see  Grlass  Tubes). 
Tungsten,  703. 
Turgite,  160. 
Turmeric,  531. 

oil,  471. 
,,        paper,  95. 
Turnbull's  blue,  170,  381. 
Turnsole,  533. 


Turpentine,  521. 

„         American,  522,  527. 
„         Bordeaux,  522. 
„         Canadian,  521. 
Chian,  522. 
French,  522. 
,,         rectified  oil  of,  522. 
spirit  of,  522. 
Strasburg,  522. 
„         Yenice,  521. 
Turpeth  mineral,  218. 
Turps,  522. 

Tylophora  asthmatica,  445. 
Type-metal,  193,  229,  277. 

Tllmi  cortex,  400,  454. 

,,  fulvcB  cortex,  454. 
Ultimate  analysis,  571. 
Ultramarine  blue,  533. 

,,         green,  533. 
Umbelliferone,  528. 
Umber,  533. 
Uncaria  gamhier,  400. 
Unguentum  aconiti(S,  441. 

„  antimonii  tartar ati,  196. 
„         atropicB,  442. 

cadmii  iodidi,  276. 
„        cerusscB,  230. 

hydrargyria  212. 
hydrargyri  aonmoniati, 
225. 

hydrargyri  iodidi  ruhri, 
216. 

„         hydrargyri  nitratis,  217. 
„         hydrargyri  oxidi  rubri, 
222. 

,,         hydrargyri  subchloridi^ 
221. 
iodi,  303. 

plumbi  acetatis,  231. 
„        plumbi  carbonatis,  230. 
plumbi  iodidi,  232. 
plumbi  subacetatis  com- 

positum,  231. 
potasses  sulphur  at  (B,  64. 
sulphuris  iodidi,  303. 
veratricB,  448. 
zinci,  140. 
Units  of  length,  surface,  capacity 

and  weight,  584. 
Uni valence,  51. 
Univalent  radicals,  51,  127. 
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Uranium,  703. 
Urari,  439. 
Urate  of  lithium,  250. 
Urates,  402. 
Urceola  elastica,  529. 
Urea,  377,  455,  555. 

„     artificial,  377,  556. 
Uric  acid,  402,  559. 
Urinary  calculi,  564. 

calculi,  examination  of,  564. 
„      deposits  or  sediments,  plates 
of,  559. 
sediments,  557. 
sediments,  microscopical 
examination  of,  559. 
Urine,  403,  554. 

diabetic,  555. 
„     morbid,  examination  of,  554. 
Urinometer,  594. 
TJvcB,  365,  459,  462. 
„  ur si  folia,  401. 

Valerene,  522. 
Valerian  oil,  522. 
ValeriancB  radix,  522. 
Valerianate  of  amyl,  404,  496. 

sodium,  404. 

zinc,  141,  405. 
Valerianates,  404. 
Valerianic  acid,  404,  515. 
Valerol,  522,  527. 
Vanadates,  371. 
Vanadinite,  371. 
Vanadium,  376,  703. 

relationship  to  nitrogen, 
phosphorus  and  arseni- 
cum,  371. 

Vanilla,  406. 
Vanillic  acid,  406. 
Vanillin,  406. 

Vapor  acidi  hydrocyanici,  312. 
,,     chlori,  19. 

conicB,  444. 
„     iodi,  303. 
Vapour-density,  598. 
Variolaria,  533. 
Vegetable  albumen,  507. 

and  animal  life,  relation 
of  9. 

„       casein,  450,  507. 
,.       crocus,  532. 

fibrin,  450,  507. 


Vegetable  gelatine,  453. 
„       green,  533. 
„      jelly,  454. 
oil,  511. 
rouge,  532. 
„       substances,  424  et  seq. 
Venetian  red,  161. 
Venice  turpentine,  521. 
Veratri  viridis  radix,  445. 
Veratria,  447. 

,,      impurities  in,  703. 
Veratria  or  Veratrine,  447. 
Veratrum  album,  4Ab. 

viride,  445. 
Verdigris,  208. 
Vi,rmilion,  226,  532. 
Vinegar,  331. 

„     of  cantharides,  331 . 
„     of  squill,  331. 
Vinum  antimoniale,  196. 
„      aurantii,  474. 
„     ferri,  165. 
,,     ferri  citratis,  165. 

quinicB,  433. 
„     scericum,  474. 
Vitriol,  blue,  151,  208. 
„     green,  151,  344. 
„     oil  of,  344,  345. 
white,  151. 
Volatile  oils  (see  Oils). 
Volatility  of  salts  of  ammonium, 
100. 

Volatilization,  100. 
Volcanic  ammonia,  89. 
Volume,  combination  by,  46. 

„       of  gas,  corrections  of,  52i8. 
,,      molecular,  49. 
Volumetric  analysis,  606. 

estimation  of  acetate 
of  lead,  609. 
„  estimation  of  acetic 

acid,  619. 
„  estimation  of  acids, 

617. 

„         estimation  of  alkalies, 
607. 

estimation  of  alkaline 

carbonates,  614. 
estimation  of  ammo- 
nia solutions,  609. 
„  estimation  of  arseni- 

ate  of  iron,  629. 
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Volumetric  estimation  of  arseni- 
ate    of  sodium, 
621. 

estimation  of  arsenic 
and  arsenical  solu- 
tions, 625. 
„  estimation  of  borax, 

609. 

„  estimation    of  bro- 

mides, 621. 

„  estimation    of  bro- 

mide of  potassium, 
621. 

„  estimation  of  chlo- 

rides, 658. 

„  estimation  of  chlori- 

nated lime,  632. 

„  estimation  of  chlori- 

nated soda,  631. 

„  estimation   of  chlo- 

rine, 632. 

„  estimation  of  citrate 

of  potassium,  610. 

„  estimation  of  citrates, 

610. 

estimation  of  cyan- 
ides, 621. 

„  estimation  of  hydro- 

chloric acid,  619. 

„  estimation  of  hydro- 

cyanic acid,  621. 

„  estimation  of  hypo- 

sulphite of  sodium, 
625. 

estimation  of  iodide 
of  potassium,  623. 
„  estimation   of  mag- 

netic oxide  of  iron, 
629. 

„         estimation  of  nitric 
acid,  619. 

„         estimation  of  official 
compounds,  609, 
619,  621,  623,  625, 
629,  631. 

„  estimation  of  phos- 

phate of  iron,  629. 
estimation  of  potash, 
609. 

„  estimation  of  saccha- 

rated  carbonate  of 
iron,  629. 


Volumetric  estimation  of  silver, 
656. 

estimation   of  soda, 
610. 

,,  estimation  of  sugar, 

684. 

„  estimation    of  sul- 

phides, 662. 

„  estimation    of  sul- 

phites, 663. 

„  estimation  of  sulphu- 

ric acid,  619. 

„  estimation  of  sulphu- 

rous acid,  625. 
estimation    of  tar- 
trates, 615. 
solutions,  608,  618, 
621,  623,  624,  628, 
631. 

Vulcanite,  530. 

Vulcanized  india-rubber,  529. 

Warmth  of  animals,  how  kept  up,  9. 
Washing-bottles,  111. 

,,       precipitates,  110, 
Water,  aerated,  83. 

„    -aspirator,  345. 

„     ammonia  in  potable,  611. 

„    -bath,  114. 

„     boiling-point  of,  578. 

,,     chalybeate,  148. 

„     composition  of,  12. 

„     of  crystallization,  82. 

„     of  crystalliiation,  quantita- 
tive estimation  of,  670. 

,,     cubic  inches  of,  in  a  gallon, 
599. 

„     evaporation  of,  66. 

„     formation  of,  expressed  by 

symbols,  39. 
„     hardness  of,  351. 
„     hemlock,  469. 
„     lime,  109. 
,,     nitrites  in,  391. 

-oven,  637. 
,,     oxygenated,  105. 
„     purification  of,  132,  351. 
,,     weight  of  1  cubic  inch  of,  599. 
„     weight  of  minim,  drachm, 

ounce,  pint,  and  gallon, 

587. 

„     softness  of,  351. 
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Wax,  513. 

Weighing-tubes,  636. 
Weight,  581. 

„      of  air,  599.. 

„         hydrogen,  599. 

„         water,  599. 

„     estimation  of,  581. 

,,      molecular,  49. 

„  specific,  590. 
Weights,  atomic,  46. 

„       balance,  582. 

„       and  measures,  582. 

„  and  measures  of  the  metric 
decimal  system,  5S3et  seq. 

„  and  measures  of  the  British 
Pharmacopoeia  of  1867, 
587. 

,,       relative,  46. 
Weld,  531. 
Welding,  275. 
Wheaten  flour,  450. 
Wheat-starch  (fig.),  451. 
Whey,  460,  506. 
White  arsenic,  177. 

„     indigo,  322. 

„     lead,  230. 

„     pepper,  446. 

„     pigments,  534. 
precipitate,  224. 

„     precipitate,  fusible,  225. 

„     precipitate,  infusible,  225. 

„     resin,  525. 

„     vitriol,  151. 

„     vrax,  513. 
Whiting,  113. 

Whortleberry,  sugar  in,  459. 
Wlllow-bark,  471. 
Wine,  474,  687. 

antimonial,  196. 

5,     iron,  165. 

„     orange,  474. 

,,     quinine,  433. 

„     sherry,  474. 

,,     steel,  165. 
Winter- green,  oil  of,  496. 
Wire-gauze  tray,  19. 

,,     triangle,  100. 
Witherite,  104. 
Wood-charcoal,  115. 

„  -creasote,  499. 

„  -naphtha,  487. 

„  -oil,  526. 


Wood-spirit,  487. 

„  -tar,  527. 
Woody  night-shade,  446. 
Wormwood,  520. 
Woorara,  439. 
Wourali,  439. 
Wrought  iron,  148. 

Xanthin,  566. 
Xylol,  498. 

Yard,  587. 
Yeast,  474. 
Yelk  of  egg,  504. 

Yellow  chromate  of  potassium,  105, 
262. 

colouring-matters,  531. 
„     ochre,  531. 
,,     oxide  of  mercury,  222. 
,,     prussiate  of  potassium,  309, 
379. 

„      sienna,  531. 

„     wax,  513. 

,,     wood,  531. 
Yolk  of  egg,  504. 
Yttrium,  703. 

Zanaloin,  501. 
Zafi're,  257. 
Zanzibar  aloes,  501. 
Zea,  starch  of  (fig.),  451. 
Zinc,  136. 

acetate,  139. 
„      analytical  reactions  of,  141. 
„     antidotes  to,  142. 
„     carbonate,  136,  139. 

chloride,  137. 
„     derivation  of  word,  24. 
,,     detection  of,  in  presence  of 

aluminium  and  iron,  172. 
„     -ethyl,  485. 
,,     ferrocyanide  of,  142. 
„      granulated,  10. 
„      hydrate,  142. 

in  organic  mixtures,  detection 
of,  543. 
,,      oxide,  140. 

oxide,  Hubbuck's,  140. 
5,      quantitative   estimation  of, 
646. 
sulphate,  136. 
sulphide,  141. 
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Zinc,  sulphide,  native,  136. 

,,     sulphite,  141. 

„      valerianate,  141,  405. 

„  white,  139. 
Zinci  acetas,  139. 

„    acetas,  impurities  in,  700. 
carbonas,  139. 

carbonas,  impurities  in,  700. 
„    chloridi  liquor,  138. 

chloridum,  137. 
„    chloridum,  impurities  in,  700. 


Zinci  oxidum,  140. 

„    oxidum,  impurities  in,  700. 

,,    siil]phas,  136. 

„    sulphas,  impurities  in,  700. 
unguentiim,  140. 

,,    ualerianas,  141,  405. 

,,  mlerianas,  impurities  in,  700. 
Zincum,  136. 

,,      granulatum,  10. 
Zingiber,  522. 
Zirconium,  703. 
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EXTEACTS  FEOM  CEITiaUES. 


Great  Britain. 

The  Lancet.— "We  thoroughly  believe  that  the  course  of  study  presoribed  by  this  book 
will  teach  the  student  the  principles  of  chemistry,  will  give  him  a  special  knowledge  con- 
cerning the  applications  of  that  science  to  pharmacy,  and  impart  sufficient  help  to  manipula- 
tion to  enable  him  to  manufacture  or  anailyze  when  necessary  We  commend  it  to  the 

notice  of  every  medical  as  well  as  pharmaceutical  student." 

The  Chemical  I^ews. — "  Dr.  AttSeld's  book  is  written  in  a  clear  and  able  manner;  it  is  a 
work  sui  generis  and  without  a  rival ;  it  will  be  welcomed,  we  think,  by  every  reader  of  the 

'  Pharmacopoeia,'  and  is  as  well  suited  for  the  medical  student  as  for  the  pharmacist  

The  reason  for  every  successive  process  is  given  fully,  and,  what  ia  more,  accurately  and 
clearly." 

The  Phaemaceutical  Jouenal.— "  It  is,  indeed,  a  most  useful  manual.  It  is  a  neces- 
sary companion  to  every  student  following  the  system  of  practical  instruction  at  the  Society's 
laboratory ;  it  is  also  the  best  possible  guide  to  the  pharmaceutical  pupil  who  cannot  indulge 
in  laboratory  tuition."  

The  Medical  Times  and  Gazette, — "  It  is  a  good  work  for  beginning  the  study  of 
theoretical  chemistry.  It  is  the  same  as  regards  practical  chemistry......  and  an  admir- 
able companion  to  the  British  Pharmacopoeia.  It  is  rare  to  find  so  many  qualities  combined, 
and  quite  curious  to  note  how  much  valuable  information  finds  a  mutual  interdependence." 

The  Beitish  Medical  Jouknal. — "At  page  350  of  the  current  volume  of  this  journal, 
we  remarked  that  '  there  is  a  sad  dearth  of  students'  text-books  in  chemistry.'  Dr.  Attfield's 
volume,  just  published,  is  rather  a  new  book  than  a  second  edition  of  his  previous  work,  and 
more  nearly  realizes  our  ideal  than  any  book  we  have  before  seen  on  the  subject." 

The  Chemist  and  Deuggist. — "Professor  Attfield's  'Introduction  to  Pharmaceutical 
Chemistry '  has  developed  into  a  handsome  volume  of  nearly  650  pages,  and  is  now  a  complete 
text-book  of  chemistry,  adapted  for  use  as  a  reading-book,  a  lecture-companion,  and  a  labora- 
tory guide." 

The  Medical  Peess  and  Cieculae. — "We  believe  that  this  Manual  has  been  already 
adopted  as  the  class-book  by  many  of  the  professors  in  the  public  schools  throughout  the 

United  Kingdom  In  pharmaceutical  chemistry  applied  to  the  Pharmacopoeia,  we  know 

of  no  rival.    It  is,  therefore,  particularly  suited  to  the  medical  student." 

Dublin  Quaeteely  Jouenal  of  Medical  Science.—"  Dr.  Attfield's  book  contains 
more  information  of  a  practical  character  than  is  to  be  found  in  most  works  of  its  class.  It 
is  just  the  kind  of  chemical  manual  which  is  most  suited  to  the  wants  of  the  student  of  medi- 
cine ...We  cordially  recommend  it." 

Natuee. — "We  have  derived  much  satisfaction  from  the  perusal  of  Dr.  Attfield's  work; 
it  is  eminently  practical  in  its  character,  and  is  written  with  a  just  appreciation  of  the  small 
amount  of  time  for  the  study  of  chemistry  at  the  disposal  of  the  student  in  medicine  and 
pharmacy." 

France. 

Moniteue  Scientifique.— "  Dans  un  in-12  de  plus  de  600  pages  I'auteur  a  magnifique- 
ment  de'veloppe'  une  chimie  mine'rale  et  organique  en  Fappliquant  a  deux  sciences  qui  luisont 

solidaires,  la  medecine  et  la  pharmaeie......  Nous  pouvons  dire  qu'il  est  indispensable  aux 

chimistes  par  la  varie'te'  des  matieres  qu'il  renferme  et  par  le  choix  judicieux  que  I'auteur  a 

apporte  de  tout  ce  qui  se-rattache  a  la  chimie  ISTous  esperons  qu'une  traduction 

fran^aise  viendra  augmenter  le  nombre  des  lecteurs  de  son  ouvrage." 

Jouenal  de  Phaemacie  et  de  Chimie.—"  Le  plan  adopte  par  le  savant  professeur  a  un 
caractere  original,  qui  lui  assure  une  place  distingue'e  parmi  les  ouvrages  destines  a  repandre 

la  connaissance  de  la  chimie..  I^ous  avons  en  France  nombre  debons  ouvrages  destines 

a  faire  connaitre  la  chimie,  mais  nous  sommes  persuades  que,  traduit  en  notre  langue,le  livr© 
de  M.  Attfield  pourrait  rivaliser  avec  eux  et  ne  compterait  pas  moins  de  lecteurs." 

Grermany. 

IfEUES  Eepeetoeium  pue  Phaemacie.— "  In  der  That  zeichnet  sich  dieses  Werk,  wie 
wir  uns  iiberzeugt  haben,  durch  seinen  reichen  Inhalt  und  hohe  Originalitat  ebensosehr 
wie  durch  leichte  Verstandlichkeit  und  durch  die  geschickte  Art,  womit  darin  Theorie  und 
Praxis  verbunden  sind,  aus." 

[Continued  on  next  page. 
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America. 

Philadelphia  Medical  Times,  June  15, 1871.—"  Certainly  the  bugbears  of  those  medical 
students  whose  opportunities  for  the  study  of  chemical  philosoph}'^  have  been  limited,  are 
dispelled  in  a  way  which  merits  their  sincere  thanks ;  while  a  great  deal  of  the  confusion 
which  seems  to  exist  as  regards  atoms  and  molecules,  quantivalenee,  and  equivalent  weights 
will  be  removed  from  their  minds,  and  withal  so  gradually,  that  the  wonder  will  be  that  it 
ever  existed.    In  its  mode  of  teaching,  the  book  fills  a  place  hitherto  vacant." 

Cincinnati  Medical  Repeetoey,  June,  1871.— "This  is  decidedly  the  best  work  on 
chemistry  for  medical  students  with  which  we  have  ever  met ;  and  when  we  assert  this,  we 
wish  to  be  understood  as  meaning  precisely  what  we  say.  There  are  many  excellent  works 
upon  chemistry,  but  very  few,  if  any  of  them,  have  been  prepared  with  special  reference  to  the 
wants  of  the  medical  student;  but  this  one  has,  and  it  is  that  which  constitutes  its  excellency. 
We  would  expect  that  it  would  be  used  in  our  medical  colleges  as  a  text-book,  to  the  exclusion 
of  all  others." 

Leavenworth  Medical  Heeald  and  Jotjenal  oe  Phaemacy,  June,  1871.— "It is  one 
of  the  most  instructive  volumes  which  has  come  under  our  notice,  and  specially  adapted  to 
the  wants  of  every  pharmaceutist.  We  are  particularly  pleased  with  the  practical  manner  iri 
which  medicinal  preparations  are  treated  with  reference  to  the  United  States  Pharmacopoeia. 
Our  readers  will  find  it  of  special  interest/' 

American  Journal  of  Pharmacy,  June,  1871.— "A  more  careful  examination  of  this 
work  has  fully  confirmed  the  opinion  which  we  expressed  in  our  last  number.  It  is  a  valuable 
guide  to  the  medical  and  pharmaceutical  student  who,  by  practical  experiments,  desires  to 
gain  a  thorough  knowledge  of  chemistry.  If  we  consider  the  large  scope  and  the  small  size 
of  the  work,  it  is  astonishing  what  an  immense  number  of  facts  the  author  succeeded  in 
embracing  in  this  space.  We  heartily  recommend  this  work  to  the  pharmacist  and  phy- 
sician." 

New  York  Medical  Record,  June  1,  1871.— "The  author  has  taken  pains  to  revise  his 
work  with  special  reference  to  the  wants  of  American  students,  introducing  the  materia  me- 
dica  of  the  United  States  Pharmacopoeia,  and  making  sundry  other  additions,  which  altogether 
render  it  one  of  the  most  desirable  text-books  on  the  subject  of  chemistry  that  the  student 
can  obtain." 

ViRGiMA  Clinical  Record,  June,  1871. — "  The  work  is  a  most  valuable  one.  Such  a 
manual  of  the  chemistry  of  the  Pharmacopoeia  has  been  long  needed,  and  will  prove  of 
great  assistance  not  only  to  students,  but  to  the  practising  pharmacist  and  physician." 

Boston  Journal  of  Chemistry,  June  1,  1871. — "  The  work  holds  a  high  rank  in  Eng- 
land, and  as  a  handbook  for  the  medical  student  and  the  pharmacist  we  know  of  nothing  better 
in  English." 

Chicago  Pharmacist,  May,  1871. — "A.  text-book  arranged  to  overcome  these  obj  ections,  and 
lead  the  student  from  fact  to  fact,  firmly  impressing  each  upon  his  mind,  has  long  been  wanted. 
Wherever  practical  chemistry  is  taught  (and  it  should  be  in  every  college),  Attfield's  manual 
will  be  found  not  simply  useful,  but  indispensable.  We  regard  it  as  by  far  the  best  work 
of  the  kind  that  has  come  under  our  notice,  and  as  such  we  heartily  commend  it  to  our 
readers." 

New  York  Medical  Gazette,  May  6,  1871. — "Most  of  our  readers  have  probably 
found,  from  time  to  time,  difficulty  in  hunting  out  from  general  treatises  on  chemistry  the 
practical  points  of  information  which  they  have  needed  for  direct  medical  use.  To  all  such 
we  take  pleasure  in  commending  Dr.  Attfield's  excellent  manual,  which  is  designed  for  their 
especial  benefit." 

The  American  Journal  of  the  Medical  Sciences,  July,  1871.— "Br.  Attfield's  work 
will  prove  a  useful  assistant,  not  only  to  those  who  desire  to  study  the  subject  in  its  practical 
bearings,  but  also  to  the  general  student  of  chemistry,  to  the  apothecary,  and  to  the  phy- 
Bician." 

Canada, 

Canada  Medical  Journal,  Nov.  1870. — "  It  in  every  way  fulfils  the  intention  of  the  au- 
thor. We  can  strongly  recommend  it  as  a  most  complete  manual  of  chemistry,  alike  useful 
to  the  physician  and  pharmaceutist." 

Canadian  Pharmaceutical  Journal.- "We  would  simply  recommend  this  work  as 
the  best  with  which  we  are  acquainted,  either  as  accompanying  a  course  of  lectures  on  phar- 
macopoeial  chemistry,  or  as  a  guide  to  the  self-taught  student.  To  the  pharmacist  it  will 
prove  a  very  useful  counter  companion ;  indeed,  we  may  say  that  the  shop  library  is  incom- 
plete without  it." 


